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I, Jeau-Marc Juteau, do hereby declare and state as follows: 

1 . I received the degrees of Bachelor (B.Sc.) of Biology from Montreal University 
in 1985, Master (M.Sc.) of Microbiology and Immunology from Montreal 
University in 1988, and Doctor of Philosophy (Ph.D.) of Microbiology and 
Immunology from Laval University in 1991 . 

2. My academic background and experiences in the field of the present invention are 
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3. I am a founder since 1999 of REPLICor Inc. and Senior Vice President since 
2002. 

4. I am an author of several scholarly publications as listed in my enclosed 
curriculum vitae. 
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5. I am an inventor in the present application; I have read and am thoroughly 
familiar with the contents of U.S. Patent Application Serial No. 10/661,099, 
entitled "ANTIVIRAL OUGONUCLEOTEDES TARGETING HIV", including 
the claims. 

6. I have also read and understood the latest Official Action from the PTO dated 
December 8, 2005. In this Office Action, certain claims 1, 2> 14-20 and 26-32 
were rejected for lack of enablement under 35 U.S.C §112, first paragraph- 

7. The following experiments had been performed in Jan-Feb 2006 ( SIV model) and 
Sent 2004 (Friend Leukemia Virus\ under the supervision of Andrew Vaillant 
(inventor on this invention) and myself, to obtained results with a Simian 
Immunodeficiency Virus model showing the anti-retroviral activity of sequence 
independent oligonucleotides of the present invention in a non-human primate. In 
addition, experiments have also been accomplished in a Friend Leukemia Virus 
model, demonstrating the anti-retroviral activity of sequence independent 
oligonucleotides of the present invention. 

The following experiment was conducted to evaluate the anti-retroviral activity of 
sequence independent oligonucleotides in a non-human primate. 
Background of the model : The infection of a rhesus macaque with the (Simian 
Immunodeficiency Virus) SIV is considered to be the animal model to most 
closely approximate the infection of bumans with HIV, SIV, HTV-1 and HIV-2 
are retroviruses showing extensive homology in their genomes. The rhesus 
macaque SIV model closely mimics the progression of human HIV infection. 
Furthermore, the similarity between SIV and HIV pathogenesis in rhesus 
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macaques and humans provides a useful model in the macaque for studying HIV 
pathogenesis. Finally, chronic infection of macaques with SIV eventually results 
in a disease state whose symptoms closely resemble AIDS in humans and the 
same laboratory markers can be used to monitor this disease progression. Thus, 
the SIV model is considered an excellent model for the development of AIDS 
vaccines. 

References: Charkrabarty, 1987, Nature 328:543-547; Hirsh, 2000, Advances 
Pharmacol. 49:437-477; Chung et al. 2005, Clin. Diagn, Lab. Immunol. 12:426- 
435; Van Rompay, 2005, AIDS Review 7:67-83 and Hu, 2005, Current Drug 
Targets - Inf. Disorders 5: 193-201 (copy of references enclosed with the present 
Declaration). 

To establish the suitability of an oligonucleotide (ON) as a therapy for HIV 
infection in humans, we tested its ability to reduce serum viral titers in a macaque 
chronically infected with SIV. 
Materials and Methods 
Compound and dose preparation 

The sodium salt of a phosphorothioated (PS) 40mer randomer ON, REP 2006, 
was prepared under GMP compliant manufacturing protocols and prepared for 
administration by dissolution in sterile normal saline. Dose concentrations were 
formulated based on the assumption that the infected macaque maintained a 
constant weight of 4.5 kg throughout the study (which is consistent with empirical 
observations in this model). A dose-escalation regimen was employed, with the 
subject transitioning to the next highest dose at the end of a two week period. 
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Route of administration 

Compound was administered by continuous intravenous administration through a 

cannula inserted in the jugular vein. Infusion rates were controlled by a 

programmable pump according to the following schedule: 

1 Occ/h for 2h 0.5cc/h for 1 Oh lOcc/h for 2h -» 0.5cc/h for lOh. 

Compound was prepared so that individual subjects received the indicated daily 

mg/kg dose during the two daily 2h infusions at the elevated infusion rate. The 

animal continued to receive the same concentration of compound between 2h 

infusions but at l/20 th of the more rapid infusion rate to ensure that cannulas were 

kept patent throughout the course of the study. Pump reservoirs were changed 

every 24h to ensure constant dosing. 

SIV infection and titer determination 

Throughout the study, serum SIV titers were monitored each week using a 
commercial bDNA SIV assay (performed at Bayer Reference Labs). At the 
beginning of the study, the raacaque was infected with SYV m ^\ by bolus IV 
injection. The infection was allowed to proceed until titers had stabilized for at 
least 3 weeks prior to initiation of treatment. Treatment began the week after the 
macaque on the study had demonstrated stable titers for at least three weeks. 
Results: As shown in Table 1, the macaque showed a continuous drop in viral 
titer during the 11 week treatment, demonstrating the effectiveness of a sequence 
independent PS-ONs in lowering the SIV titers in the infected macaque when 
administered by daily continuous infusion. 
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Table 1 

Reduction in serum titer in a REP 2006 treated, SIV-infected macaque 



WEEK 


REP 2006 DOSE 
(total mg/kg/day) 


oiy serum iiier (copies / ml) 


1 


0 


1479300 (pre-treatment titer) 


2 


1 


2784300 


3 


1 


1245900 i 


4 


2 


1070400 


5 


2 


826304 


6 


4 


648507 


7 


4 


581487 


8 


6 


477427 


9 


8 


639965 


10 


8 


575179 


11 


10 


548428 


12 


10 


427217 



Conclusion: Administration of daily doses of REP 2006 resulted in a continuous 
drop in viral titer in a SIV model, thus demonstrating the anti-retroviral activity in 
vivo of the sequence independent oligonucleotides of the present invention. 



A further experimentation was conducted to evaluate the anti-retroviral activity of 
sequence independent oligonucleotides in mice. 

Background of the model: The Friend Leukemia Virus (FLV) is an 
immunosuppressive retrovirus such as HIV. Although the FLV model is not as 
close to HIV as is the SIV model, it is a well established model for studying 
genetic resistance to infection (Hasenkrug 3 1997, Proc. Natl. Acad. Sci. USA, 
copy enclosed). 

Materials and Methods: Mice received lOmg/kg of REP 2006 (the same sodium 
salt formulation as described above) by a once daily 500ul bolus IP injection on 
days -2, -I, 0, 1, 2, 3, 4, 5. 
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Mice received FLV innoculum on day 0 by IV injection. 

Spleens were harvested on day 6 and infection was monitored by fluorescence 
assisted cell sorting (FACS) to detect the percentage of infected splenocytes using 
mAb 34 which detects the FLV gag protein only expressed on the surface of 
infected splenocytes. 

Results: As shown in Table 2 S treated mice showed a 2.5 fold redaction of FLV 
infected splenocytes compared to untreated animals. These data support the 
hypothesis that REP 2006 could be used as an effective treatment to treat 
retroviral infections as shown. A t-test to determine the significance of the 
difference between the placebo and REP 2006 treated groups yielded a P-value of 
0.0085, indicating that the effectiveness of RJEP 2006 was statistically significant. 



Table! 

Summary of statistical data (percentage of infected splenocytes) 



Parameter 


Placebo (5% dextrose) 


lOmg/kg/day REP 2006 


Mean 


29.3 


11.27 


N 


4 


4 


Std. dev. 


6.99 


6.22 


Maximum 


22.8 


6.3 


Minimum 


38.7 


19.3 


Lower 95% CI 


18.17 


1.37 


Upper 95% CI 


40.43 


21.179 



Conclusion: treated mice showed a 2.5 fold reduction of FLV infected 
splenocytes compared to untreated animals, thus demonstrating the anti-retroviral 
activity in vivo of the sequence independent oligonucleotides of the present 
invention. 



PAGE 27/117 * RCVD AT 618/2006 3:20:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/18 * DNIS:2738300 * CSID:514 286 5474 ' DURATION (mm-ss):5644 



06ZPS/06 14:30 FAX 514 286 5474 



OGILVY RENAULT 



@028 



File No. 16051-5US -7- 

8. The results presented above and produced according to the teaching of the present 
invention clearly proves that that the present invention have clinical relevance and 
in addition, that the in vitro results disclosed in the present application do not 
diverge from in vivo responses. The anti-retroviraJ activity of the sequence 
independent oligonucleotides of the present invention is demonstrated in non- 
human primates and in a Friend Leukemia Virus model. 

9. I hereby declare that all statements made herein of my own knowledge are true, 
and that all statements made on infoimation and belief are believed to be true, and 
that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by a fine or imprisonment, or both (18 U.S.C. 
Sec. 1001), and may jeopardize the validity of the application of any patent 
issuing thereon. 




Dated: June 06, 2006 
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JEAN-MARC JUTEAU, Ph.D 

Address: 66 de Vincennes 
Blainville, QC 
Canada 
H7B 1W7 

Telephone: (450) 434-8932 (home) 
(450) 688-6068 (work) 

Age: 42 

Status: Married, three kids 

Language spoken and written: French and English 



EXPERIENCE 

01 - 2002 -today 

Senior Vice-President and Founder, REPLICor Inc., Laval. 

Biopharmaceutical company developing antiviral and anticancer drugs. 

Responsibilities: 

• Science development 

Day to day contact with CSO, scientific input 

• In charge of intellectual property portfolio. 

Patent writing, strategy, management 

02- 1999-01-2002 

CEO and founder, REPUCor Inc., Laval. 

Responsibilities: 

• Science development 

• In charge of financing 

Instrumental in raising $2.5M in equity and loan 
« In charge of licensing and contract agreement 

Negotiation of licenses and contracts with universities 

02-1996 to 02-1999 

Officer, Office of Technology Transfer, McGill University, Montreal. 

Responsibilities: 

• Agreement management and negotiation 

License, research, option, confidentiality, material distribution. 

• Spin-ofF company projects 

Set-up of spin-off company, contact with investors, business plan. 



03-94 to 02-96 

Product Manager, Iso Tech Design, Laval 

Company developing and marketing micro-environments for pharma applications. 

Responsibilities: 

• Microbiology quality control.. 

CONFIDENTIAL 
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• Distributor formation 

£E&£n^5? Khu,man Tech -' £SA WuFrance - 

91 a 10-93 

Director and Co-founder, D1AGNOGENE inc., R&D in biotechnology, Ste-Foy 

Responsibilities: Financial and research administration, representation. 

RESEARCH TRAINING 

09-92 a 11-93 

Post-doctoral scientist, INRS-sant£, Pointe-Claire 

Project: In-vitro mutagenesis of 4-chlorobenzoate dehalogenase in Pseudomonas sp. CBS3. 
08-91 a 09^92 

Post-doctoral scientist, Institut de Recherches Clmiques de Montreal 
Protect: Cloning et characterization of a cardiac specific transcription factor. 

Training in molecular modeling. Department of Molecular and Cell Biology University of 
Connecticut. ' * 

0,5-88 to 06-88 

Workshop on DNA technologies: Sequence and in-vitro mutagenesis. University of 
North-Carolina. Chapel Hill. NC. 

EDUCATION 

67-91 



85-87 
82-85 



Doctorate (Ph.D)., Microbiology and Immunology, Laval University. 

Molecular biology, epidemiology and structure-function analysis of the ROB-1 B-lactamase. 

Master (M.Sc)., Microbiology and Immunology, Montreal University and Hdtel-Dieu Hospital 
Granulocytar function in recurrent vaginitis. 

Bachelor (B.Sc.)., Biology. Montreal University. 



BOARD MEMBERSHIP 

2005- today 

Member of the Montreal Life Science Committee. 
2004- today 

President of the Alumni Association of Montreal Clinical Research Institute. 



SCHOLARSHIP, AWARD and PRIZES 

SSSmS ? es, 9 n / , ; , ' ze J 9 ? 5 from *ne Design Institute (received in team for a micro-environment) 
Institut National de la Recherche Scientifique (INRS) Fellowship, 1992-93. 
Medical Research Council (MRC)Fellowship, 1992. 

Fonds de la Recherche en Same du Quebec (FRSQ) Studentship, 1989-90-91 

rZ^VS^ ,a / orm f tion ? es Chercheurs et I'Aide A la Recherche (FCAR) Studentship, 1988-89. 

Canlab Pnze from I'Association des Microbiologistes du Quebec, 1989. 
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Sequence of simian immunodeficiency 
virus from macaque and its relationship 
to other human and simian retroviruses 

Lisa Chakrabartl*, Mired? Guyaderf, Marc AJizoot, 
Murhiah D. Daniel*, Ronald C Desrosiers*, 
Pierre TioHais* & Pierre Sonigo* 

* Unite dc recombirjatson ex txpt ession geneliqoe (1NSERM U163, 
CNRS UA2?1) and- 1 Unite d"oncolo$ie >tfrale (CNRS UA1157J, 
Instkut Pasiftgr. 25 rue du Df Rovx 75724 Pari* Cedcx IS, France 
$ New England Regional Primate Research Center, Harvard Medical 
School. Southboro, Maswchuseics 01772, USA 



Because of the growing incidence or AIDS (acquired immune 
deficiency syndrome), Ibe need for studies- on animal models b 
urgent. Infection of chimpanzees with Che retroviral agent of human 
AIDS, the human Immunodeficiency rims (HIV), will have only, 
limited usefulness because chimpanzees' axe hi short supply and 
do not develop the disease. Among no a -human primates, both type 
D retroviruses and lentivinises can be responsible far immune 
deficiencies, the D-cype retroviruses", although important 
pathogens in macaque monkey colonies, are not satisfactory as a 
model because they differ in genetic structure and pathophysiology, 
cal properties- from the human AIDS viruses**. The simian lea- 
imrus, previously referred to as simian T-ecll lymphotropic Yirus 
type III (STLv-iir^ now termed simian Immunodeficiency virus 
(SIV) is related to HIV by the antigenicity of its- proteins 4 and in 
its main biological properties, such as cylopathic effect and tropisra 
for CD4-bearing cells* -0 . Most importantly, SIV induces a disease 
with remarkable similarity to human AIDS in the common rhesus 
macaques. Which therefore constitute the best animal model cur- 
rently available", Natural or experimental infection or other 
monkeys such as African green monkeys nr sooty mangabeys has 
not yet been associated with disease 1 - 9 - 11 . Molecular approaches 
or the SIV system will be needed for biological studies and develop- 
ment of vaccines that could be tested in. animals. We have cloned 
ond sequenced the complete genome of SIV Isolated from a 
naturally Infected macaque that died of AIDS. This SlVf^ 
appears genetically dose to the agent of AIDS la West Africa, 
HIV-2 (ref 12), bur the divergence of the sequences of SIV and 
HIV-} is greater than that previously observed, between HTV-1 
isolates". 



Wc have pre viously.showj* that probes derived from the H IV-2 
genome could detect viral DNA in SIV^ infected cells". 
Cloned subgenqmic fragments, of HIV-2, representing gag-pek 
env or long terminal repeat (LTR,) sequences, were used to 
screen, in low stringency; conditions, a genomic library of HUT- 
78 cells inWd by SIV MaC isolate Mm 142-83: (ref. 6). Rhesus 
monkey MmA'4143 became infected wilh SIV in viero and had 
constant health problems until her death at ~2 years of age 
with immunodeficiency and Tympboproliferatrve syndrome*'". 
The nucleotide sequence of one SIVrnacl42 clone* A SI VI, thai 
hybridized with all HIV-2 sub, genomic probes, was, determined 
(Fig. l), Jbe done ASIVj contains one integrated provirus, 
lacking only the first 257 base .pairs (bp) of the left LTR: the 
right LTR is complete and followed by 7 kilobascs (kb) or 
cellular DNA_ Biological activity of this clone (monitored by 
reverse transcriptase, assay) Was shown in HUT 78 cells at day 
12 after transfection (Y. Naidu. Y. Li, H. Kcster and G.Jaenel. 
unpublished results). 

The genome of Slv mac is 9,643 nucleotides long (in its VtNA 
form). The organization of its open reading frames, 5' LTR-gag- 
/xtf-ecntral region -eni>-FO 'LTR (Fig. 2). is typical of a len- 
tivirus 16 and similar in its basic features lo thatoFihe HtVs u . 
Trie only remarkable difference in the genetic organizations of 
SIV, HIV-l and ft IV-2 resides in the open reading frame (ORF) 
we termed X, absent in HIV-l |T and differently positioned 
relative to ORF R *rr SlV and HIV-2. 

Nucleotide sequence comparison or SIV 4 HIV-l (xcf. 17) and 
■HIV-2 (ref. 12 ) reveals considerable homology between SIV and 
HTV.2, These two viruses share about 75% overall nucleotide 
sequence homology, but both of them are only distandy related 
lo HIV-l with about 40% overall homology. 

The restriction map of the Slv MACwJ isolate, derived from 
the nucleotide sequence of ASIVl Is similar to those previously 
established by molecular cloning and Southern' blotting 1 B,w for 
the remarkably related viruses apparently originating from West 
Africa and isolated from African green monkeys (STLV- 
HI A aM), or from healthy individuals (human T-cell rym- 
phoiropicvirus type IV.HTLY-IV). Of 31 sites,. 27 are conserved 
($7%) between ASIVl and the STLV-II1/WTLV-IV consensus 
map. This finding is surprising when one cons<dcrsthe variability 
of HIV-l isolates and the fact char less than 30% of the sites 
are conserved between ASIVl and the 1 ROD isolate of HlV.2 
(ref. 12), rromwhjC^HTLV.IVis.$eroIogicaIlyindisUnguishable. 
Other analyses 19 -* 0 strongly suggest that the original isolates of 
STLV-HI AOM and HTLVilV are laboratory acquired con- 
taminams with SJV MaCWi which was, obtained from the same 
closed colony as the isolate we. studied *°.< To support this idea, 
comparison of SIV^LTR with published partial' LTR sequen- 
ces of $TLVJH AOM or rrTLV-JV 1 * reveals a homology of over 
98%. 

The SIV LTRs are 831 bp long, and by alignment to those of 



Table 1 % Homology between retroviral proteins 



s|V mac compared With 
HIV.2 ROD 

H'V-Ibru 

HI V-2 R0D compared with 

HIV. W 
fc HlY-2 KOl3 

siv mac 85-6 
HIV.2 ROD _ 
K)Y-l hKt . 59.4 



Cog 


Pol 








HOP 


87 


«3.6 


75A 


57.3 


$9 


34,0 


57.7 


59A 


39.4 



NIV-W 

59 
59.4 



HTV-i RM 

58-2 
6T.6 
94.4 



Ehv 

TMP 
74.1 
49.1 

44-.B 
HIVM MAL 

59 
92 



59-8 
45.7 



37.7 
V1SNA 

42.7 
43.7 
41.9 



Q 
73.4 
37.8 



34-6 
ElAV 



R 

70^ 
57 



85.7 



44.5 
4i.8 

4X3" 



52J. — 
MPMV 

34 

37^ 

36.4 



rot 

48.1 



42^ 
HTLV-l 

34.7 
34.g 

33.3 



Art 
61.0 
33.3 



44_$ 
R5V 

35.7 
35.9 
34,5 



Al.gnmcnij were perrqrmett using the prog^m NUCALN with default parameters. The number indicates the % or ammo-acid' identity in the 
aligned domains, ihaj (s'eAcIudme, thc refiions of. insertion/ deletion, a, Comparison* of all proteins of* HIV.] <rcf 17). HIV-2 fref 12) and $IV h 
Companion* of pof-eflcoded proteins of different retroviruses. HlV-l^ and HIVo MAL arc Zairian. iiolatu ofHlV-l (ref ili fiav eauine 
infectious ar^roia virus". MPMV: Mason Pfizer moufccy viru S ^, HTLV-l^uman T-eeineuJcaemia iSrus iypelTref. i") RSV: 
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'.C;i;- AiCCTT3CrTCCTT*AACACCTCT7C*A jAlACCTttCCAT^TfcCAAC1^6 tfAi::CTCTC , rTCCC'A1CTrTLCTi.CTCCCCCCCT = CTClJ CTCGCTAOTCtf Ct AAH AAAA4 

*CCCICStCTCITAC CACCtTCCICTCmtfeAeeCKtcTCtTfrtcCCAWft*^ 
ACtA<GCCTgAtfTG* Affte4C rAAGGCCCCCACCAACC*#XCACClC^ 

WACC .AACTC CAACACAA^AAGCAAATACCTCTeiTTTATCCA C£kACCCATAA7AACA1AC£CTCCCACi.TCCCCCCC&CAAA^SCCCTCITCTCACCC^CAAACUCATCAA'^TACX 
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ICAA^ATArTTTCGGT^TAaCTC<AXTAGlCC«A«eAe«eTCAeAAA+TTTA^ 

.CAC-AACCAAAACACATAGJCCACASACACCfACTCATCeAAA^ 

«^c~iTi«,«jj.c«T««M 5ll c«t«««e««A» Mr ri^«c« FI B . 1 Left and opposite, 

r.u..t/iw , , : . • ■ r ' • , i4oo .... anon site ana shown together 

""J&Xiim^^ with the deduct anWacid 

ri* f h,At-Ai*Ai-ci.ci.i,- 0 i t >* a l, . p 9'! **: lL :" B ^- r ''"-^^ i™ , I!lr^ N ' A ' ^p 11 ^ p ? 2 

^"«CAAO0A* 0 to C c^e A AACCCA*ITAAM^ pUrlllC lf&C\, III U3 RTC fhoWIl 

^^""^^ ccs re, underlined, «rf. JS). the 

"Mffii:!r;iKiSKiS;;:SK?i:te 5p i/- te ^? !nd i n ^ L 5iIM (SpJf 

"IIIbwct^cccaSEE^^ overlined) and the promoter 

«"««T«c«A^ee ABCT ^ (TATAAA, boxed). The genes 

'isixsiKSSaE^^ »« transited rrom the am 

^^^^^^^^^^^'^^^*^*'*** < * ACI *^^^*^*^^^*^^^^'*^^^'*ECT&TAftAA6iATT4 ttaca tacacccccy tATCiTTCTx jTCf AAtf AccAATACA&i j a£ctcca. AUG orihe'ORF; except for 
AA*AAr*cT»*c4*eA*r*ee«diirTArT«ATAtrAAAGiA^^ translated. Filled circles 

"toaaa^aa'c^ frame stop codon found i 

.**A6Aj^ MttA TAAAAACAW«ACAArCCICATAeATrTTAMC*ACtAAATkCCCT^erCAAl^CtrrAC^^ 

1100. 



AA*ACCA*AABCATTACACtACTCCAT , *T*?CtCACCCATAT^CTCTAl*CCTtft*CATCAXCJJlTT7A 

;««"«»w>MM*»5,4Ci*Be»muiM«eii«^eiii«s«TTi*to«eC4eM««4**««ffTc»«Uc^Te»wsToiT»t*»»«Ti 



i the 

cm? gene at position 8,293 is 
indicated by three asterisks. 
Metlroda. Molecular cloning 
ofSlVproviral DNa was car- 
ried out with Sau3A partial 
digest of DMA from HUT7a 
cells infected Vtrixh isolate 142- 
33 <rcf. 6) and AEMBU anus 
(supplied by Vector Cloning 
Systems). Plaques were 
screened in sim using nick- 
translated subgenamic frag- 
ments of HIV.2 (ref. 14) as 
probes. Stringency of 
hybridization, 50 *C in 5x 
SSfC and washing 50 *C in 2 x 
SSC. Sequencing or proviral 
DNA rrortl^SlVl was carried 
out using standard MI3 shot, 
gun and dideoxy nucleotides 
procedures ^ already 
described' a , 
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Fig. 1 Genomic organisation of 
SIV compared 10 HlV-1 (BRU iso- 
late, ref. 17) and H(V-2 (ROD iso- 
late, rcf. 12 J, VcrucaJ bars represent 
the stop CO dons in The. three reading 
frames. Arrows indicate the potential 
AUG initiator Codon of each open 
reading frames. Tail 42 and an I &2 
designate the open reading frames 
containing ihe Erst and second cod- 
ing exons of the tot and an genes. 
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H«- 3 The alignment of 
xhe srv,^, HrV-2 ROD 

(rcf, 12) and HIV.t aRU 
(ref. 17) envelope .pro- 
teins. Gaps were intro. 
duccd to optimize (he 
alignment. Asterisks indi- 
cate amino-ocid identity. 
Potential cleavage sites 
are boxed and shown by 
arrows. Cysteines are 
boxed, potential S- 
gjycosylacion sites arc 
averUned. The filled 
square in the SIV MaC 
sequence corresponds 10 
an in-frame nonsense 
Codon. EGP; external gly- 
coprotein; TMP, trans- 
membrane protein. 
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HIV-2, the length of the internal domains of the SIVLTK have 
been estimated as: W, 514;. * 1:75; VS. 142. The mideiMtjd 
homology with .HIV-2 LTR i 5 66% in U3 y 70% in US and 9?% 
in * This important level or LTR horaologyis associated wiih 
conservation of transcription signals and secondary structures 
common to Hiv_i and HIV-2 LTRs 12 . 

The gag precursor of SIVmac has a calculated relative 
molecular mass <M r ) of 58.9 K, comparable with the mass or 
the p55 amigen, estimated from SDS gels; tfcis precursors likelv 
to be processed into the proteins designated pl6 (amino icr- 
minus, calculated A/, = 15.3 K), p21 (major core .protein) and 
pl2 (carbdxy-tcrminal, nucfeic-acid binding protein 13 -* 22 ) The 
N-terminal exiremity of the p27™ of SIV isolated from a 
macaque {Macaco nemestrin) at the, Washington Primate 
Research Center (MnlV/WRPCj was sequenced previously-* 
and only I difference' out of 23 amino acids is observed with 
SIV MaCij; (Val5>ij». In the same region, 2 differences have 
been round with HIV-2 and 10 (with 1 insertion) with HJV-l. 

The SIV pol ORF {pal protein product, total M r «=.U9_6 fti 
probably encodes the p*4 andp53 antigens (reversetranscriptase 
and endonuctease" The SIV ent< ORF could encode the gpl60, 
gpl20 and gp32 antigens"- 2 '- 2 -: the precursor <p env), the exter- 
nal glycoprotein (EGP)andthe transmembrane protein (TMPt. 
The calculated M r of n on -glycosylated products are penv 
101 K.; EGP, 60 TMP, 40.7 K; the numbers of potential 
N-^glycosylation sites are: ECP, 22; TMP, 4 (Fig, 3). 

An in- frame nonsense "codon interrupts the em? ORF at 
nucleotide 8.298 j 0 clone ASIVl, Strikingly, the same stop codon 
(TAG) was found at exactly the same position in the envelope 
or an integrated genome 6FH1V-2, but not (replaced by CAG) 
in complementary DNA derived in vitro Trom viral RNA of the 
same isolate 1 -. Such stop codons experimentally introduced after 
the hydrophobic part or the TMP (in the so-called cytoplasmic 
tail) in Rous sarcoma virus do not impair retroviral replication 
in vitro 2 \ In SIV, as in HJV-2, the stop codon marking the 
beginning of the env ORF matches- with the splice donor site 
of the first coding exons or the rot and art genes. Also, the 
in-frame stop matches with the splioc acceptorsite for thesecond 
coding exons or these genes. The pan of the env ORF thai 
Corresponds to the second intron of the tat and art regulating 
genes uj thus exactly delimited by two stop codons. The existence 
of these stop signals could influence (or result from) the differen- 
tial splice that gives rise alternatively to tat and art (in a 
regulating- like phase) or env (in a structutal-Iike phase) and 
may modulate the viral gene expression and pathogenicity, as 
recently observed for yisna virus (ref 25 and R. Vigne, personal 
communication). Such codons may also account Tor the vari- 
ations in the reported size 12 ** 07 of the TMP for HIV-2 or SIV- 
6p40, gp36 or gp32 (calculated M r : total TMP, 41 K from 
cleavage site to stop, 24K). 

Comparisons or the proteins of SIV with those of HTY-i and 
2, summarized in Table J a, quantify the relatcdness of these 
viruses. Although SIV and HIV-2 appear closely related, their 
observed level of divergence (-'15% in gag and pot ano* -30% 
in env) remains higher than that observed for the most distant 
isolates of HIV^l (jnaximuro -10% in pol and -20% in env !> l 
Thus, classification of HIV-1, HIV-2 and SJV into either two or 
three subgroups or primate lemiviruses should remain an open 
issue at this time. Continued sequence anarysis with additional 
authentic isolates will* be needed 19 determine the extent 10 
which the SIV and HIV-2 groups overlap and the genetic varia- 
bility of this group or viruses.. In any case, it . already seems that 
the conserved regions deBned by comparison of sequenced 
isolate* of HIV-1 and HJY-2 (reft 12, 13) are also conserved m 
SIV (Ft$. 3). 

As already observed for different isolate* of HIV-1 and HtV*2 
(refs 12, 13), the transacting" tat genes of HIV-2. and SIV show 
a large degree or divergence (40.$%). But preliminary expert- 
mems have shown that the clone ASIVl encodes a functional 
transactivator with a similar specificity to that of HTV-2 tat— that 
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?i^^atiS Emerman et at, manuscript in- 

Theories regarding the possible existence of an animal reser- 

V u U ^^ uman AIDS aixd ite roIc in Thfi ^ent apparition of 
the AIDS pandemics must now, take imp account the sequence 
relationships of the lemivinises an d the fact that at least two 
divergent groups oflentiviruses are found in the human popula- 
non. The observation that the divergence of all known len- 
imruses (Table lb) approximately follow* the divergence of 
the infected species does not support a recent horizontal inter- 
species transmission. Sequence comparisons (Tabic \b) reveal 
also: that HIV-2 or African isolates of HlV-i, although obviously 
derived from a common ancestor, do not appear simply as 
evolutionary intermediates between SIV and European or US 
isolaies of HIV-l. Thus, even if h is supposed that monkevs 
could be an accessory reservoir for HlV%2. available sequence 
data are inconsistent wjtfa the idea that AIDS emerged from 
recent transmission of SIV to humans, followed by rapid viral 
evolution toward HIV-J. 

Recombinant DNA techniques have allowed efficient produc- 
tion of a variety of HlV-i antigens (see for example refs 28-30) 
but adequate testing of such antigens as potential vaccines is 
limited by the absence of systems Tot live virus challenge The 
availability of sequenced molecular clones should now permit 
the synthesis of similar products of SIV origin. These SIV. 
antigens can be tested reliably, in macaques, before testing 
analogous HIV antigens in humans. 

We thank Drs F. Clavel, M. Emerman, L Moniagnier and S. 
wain-Hobson for helpful discussions. The sequence data in this 
publication have been submitted to the EMBL/Genflank 
Libraries under the accession number Y00237. 
Note added in proof: Following the submission of this paper 
Hirsch er al have reported a partial sequence of STLV*3 A< -J 
{CeU 49, 307-319; 1987). Their hidings are similar to ours, in 
particular regarding the existence of an in-frame stop codon in 
the env gene, at the same- position as in our sequence. By 
comparison of the envelope proteins. STLV-^^^ appears to 
he closely related to SIV MaC (91.4% of amino-a'dd identity). 
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Plasmucyluid dendritic cells (PDQ are potent producers of alpha Interferon (IFN-ct) in response to 
enveloped viruses and provide a critical link between the innate and adaptive immune responses. Althou gh th e 
loss or peripheral blood PDC function and numbers has been linked to unman immunodeficiency virus (HIV) 
progression in humans, a suitable animal model is needed to study the effects of immunodeficiency virus 
infection on PDC function. The rhesus macaque STV model closely mimics human HIV infection, and recent 
studies have identified macaque PDC, potentially making the macaque a good model to study PDC regulation. 
In this study, we demonstrate that peripheral blood PDC from healthy macaques are both pheno typically and 
functionally similar to human PDC and that reagents used for human studies can be used to study macaque 
PDC. Both human and macaque PBMC expressed IFN-a in response to herpes simplex virus (HSV), the 
prototypical activator of PDC, as measured by using an 1FN bioassay and lFN-a-sperific enzyme-linked 
immunospot assays. Similar to human PDC, macaque PDC were identified by nsiog How cytometry as CD123"*" 
HLA-DR* lineage" cells. In addition, like human PDC, macaque PDC expressed intracellular IFN-a, tumur 
necrosis factor alpha, macrophage mrlammntory protein lp/CCL4, and IFN-inducible protein 10/CXCL10 
upon stimulation with HSV, all as determined by intracellular flow cytometry. We found that H?N regulatory 
foctor 7, which is required for the expression of IFN-a genes, was, similar to human PDC, expressed at high 
levels in macaque PDC compared to monocytes and CDS* T cells. These findings establish the phenotypic and 
functional similarity of human and macaque PDC and confirm the utility of tools developed for studying 
human PDC in this animal model* 



Dendritic cells (DC) are ubiquitous cells found in blood, 
lymphoid, and many other noiirymphaid tissues. These heter- 
ogeneous cells share the ability to take up (11, 23, 36, 38, 46) 
and process and presem (31) exogenous antigens to CD4* T 
cells (3, 5, 21, 44). Two distinct populations of DC have been 
identified in humans on the basis of their surface antigens: the 
myeloid DC (MDC), which are lineage" CDllc" 1 ", CD^, 
and HLA-DR"** (32, 39), are phcnotypically and functionally 
similar to monocyre-derived dendritic cells, which can be de- 
rived in vitro by cufturing peripheral blood monocytes with 
granulocyte-macrophage colony-stimulating factor and inter- 
leukin-4 (37). These MDC produce little or no alpha inter- 
feron (IFN-a) in response to herpes simplex virus (HSV) (41). 
The second peripheral blood subset of DC, the plasmacytoid 
DC (PDC), arc lineage^, CDllc~, CD123 b,Wkl l and HLA- 
DR" 1 " (32). Human PDC also express blood DC antigen 2 
(BDCA-2) and BDCA-4, which are an endocyric G-rype lectin 
receptor and ncuropilin-1, respectively (10). PDC produce vast 
amounts of IFN-a (3 to 10 pg/ceJJ or 1 to 2 IU/ceD) in response 
to enveloped viruses such as HSV and Sendai virus (SV), in 
addition to some bacteria and DNA-containing unmcthylatcd 
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CpG sequences (4, 7, 15, 16, 25, 41). In addition, PDC have 
been shown to produce inflammatory chemokines such as mac* 
rophagc inflammatory protein la (MlP-la) and MIP-lp, IFN- 
inducible protein 10 (1P-10) and MCP-1 in response to CpG, 
inactivated influenza virus, CD40L stimulation, and HSV stim- 
ulation (28, 34), and HS V-stimulated PDC express chemokines 
that attracr both natural killer (NK) cells and activated T cells 
(28). Depending on the nature of the stimulus they receive, 
PDC can direct either Thl or Th2 responses (<>, 26). 

Our lab and others have shown that the functional and 
numerical loss of PDC in peripheral blood is associated with 
disease progression and enhanced virus replication in human 
immunodeficiency virus type 1 (H1V-1) (12, 13, 33, 42, 43)-, 
dengue virus (35)-, and HCV (l)-infccced patients. The PDC 
therefore play a critical role in the link between innate and 
adaptive immunity, and understanding PDC function and their 
role in antiviral immunity is important for both vaccine design 
and therapeutic interventions. 

Although murine models have been established for PDC, 
murine PDC are not phenotypically identical to human PDC, 
making direct correlations from mouse to human difficult (2, 
19, 30). In addition, it has been challenging to study the pro- 
gression of certain diseases, such us HTV infection, in humans. 
The difficulty in controlling for duration of infection, coinfec- 
tion with other agents, and drug treatment and the difficulty in 
obtaining tissue Samples from hum Lin patients all demonstrate 
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the need for a model to study HIV infection. Because the 
immune system of the rhesus macaque closely resembles the 
human, the macaque model provides a unique system for 
studying PDC. Particularly because, as seen with progressive 
HIV infection in humans, the macaque shows an absolute 
decrease in CD4* T cells in SIV infection (17), the macaque 
provides an important animal model lo study immunodefi- 
ciency virus pathogenesis. 

Coates ct al. have recently demonstrated that the PDC of 
fms-hke tyrosine kinase 3-ligand (F]t3L)-treaxed rhesus ma- 
caques produce IFN-o in response to HSV, as demonstrated 
by enzyme-Jinked immunosorbent assay (8). The goal of rhe 
present study was lo characterize PDC in the peripheral blood 
of healthy, untreated rhesus macaques. Our aim was to not 
only to establish whether rhesus PDC are phenotypicalry sim- 
ilar to human PDC but, more importantly, also to establish 
whether rhesus PDC are functionally similar to human PDC. 
We demonstrate here that macaque PDC, similar to human 
PDC, respond to live virus Stimulation with IFN-a production. 
We show that marry of the human reagents and techniques that 
we use to study human PDC in mixed preparations through 
intracellular flow cytometry* IFN bioassay, and enzymc-linlced 
immunospot (EUSPOT) assay can also be applied to rhesus 
macaques. In addition, we demonstrate that macaque PDQ 
like their human counterparts (9, 22, 45), constitutively express 
hifch levels if IFN regulatory factor 7 (IRF-7) compared to 
monocytes and CD8- T cells. Finally, we demonstrate that, 
similar to humans (28), macaque PDC produce tumor necrosis 
factor alpha (TNF-a), IP-10/CXCL10, and MIP-1&/CCL4 in 
response to viral stimulation. 

MATERIALS AND METHODS 
Ajiimnla. Rht»» macaques (Macnca mulatto) were housed ar the California 
NtiuonaJ Prlmaiu Research Center in accordance whh the reflations or rhe 



American A MU ciarion for Accreditation of Laboratory Animal Ca/e standard* 
All animals were negative for ^bodies to HIV-2, ilmhm immLinude/iciency 
(S^Y)* type D retrovirus, and simian T-cdl lyraphoiTopic vtiin type 1. 

Viruses. HSV rypt. i (HSV-l) strain 293? and vesicular storaaiiiis virus (otlfr 
iaally obtained from Nicholas Ponzio, New Jersey MbtHcal School) were grown, 
and tilers were detennincd by pJaqui>fonning assay in Vcm cells (American 
Type Culture Collection, Manassas, Vjv) as previously descrihed (14). SV (Sen- 
daii^ancell strain) was obtained from the Chadi* River SPAFA5 Inc. All virus 
stocks were stored at -70*C omfl use. 

Cell lines. CM-0459A (CM; National Institute of General Medicine Sciences 
Human Genciic Mutant Cell Line Repository, Camden, NJ.), B primary fibro- 
blast cell line irisomic for chromosome 2L was grown in Dulbecco modified 
Eagle medium (DMEM) (JHR Biosciences, Lfineza, Kans.) supplement with 
15% fetal caff serum (FCS; HyClone, Logan, Ulah). 2 aM i^glutarainc, 100 U 
of peniciUin/rn!, and 100 u* of streptomycin/nil (OMEM-15% FCS). Vero cells 
were grown in DMEM-10% PCS. 




Macaque 

PIG. 2. Bioacrive IFN produced by macaque and human IPC. Bio- 
assays were performed lo measure the IFN produced by PBMC incu- 
bated for 18 hwith medium, HSV, or SV. For both macaques and 
humans, the IPC produced less than the lower limits of detection (LD) 
in response to mock (medium) stimulation. Mean values for six human 
samples and eight macaque samples are shown. The error bar? repre- 
sent one standard deviation from the means. There were no s^mificani 
differences in IFN production between humans and macaques. 
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FIG 3 Frequency of IFN-^-producing cells in macaque and human PBMC. Macaque and human PBMC were either mock stimulated (A and 
B) HSV stimulated (A), or SV stimulated (B) for 6 h. The frequency of IFN-a-pro during cells was determined by ELISPGHT assay. The mean 
values for 6 human samples and 12 macaque samples arc shown. The error bars represent one standard error of the mean. The autat>er of 
detected in macaque PBMC in response to HSV and SV was significantly lower than in humans (P < 0.05). 



P report dou of PBMC Human blood was obtained *'Uh informed consent 
l Rim licalthy human donors. Rhesus: blood was drawn into heparinized lubes and 
either tested fresh a: the University of California at Davis or shipped at room 
\a mpcruiuro ovcrrughr from the California Nudonal Primate Rtajarch Center lo 
New Jersey. Human mid macaque peripheral blood mononuclear cell* (PBMC) 
were isolated by FicolMIypicjue density centrifugation (LyrnphopTup; Accurate 
Chemical tmd Scientific Co., Wcathury, N.Y.). PBMC were washed twice with 
Hanks balanced salt soluu'ftn (Life Technologies, Grand Wand, N.Y.) and rc- 
suspended in KPMI 1640 (Life Technologies) containing 10% FCS, 2 mM 
L-glutaroine, LOO U or pcnidUm/m). 100 h4 of snepioraycirj/ml, »"d 2S mM 
1IEPE5 and then enumerated electronically with a Series 1L\ Coulter Counter 
iCoulicr Elecrronics, Inc., lUaieah, Fix). 

For some expert menus freshly Isolated macaque FDC were Immediaialy fro- 
zen in i0% dimethyl sulfoxide (Sipna-Aldrkh, Sl Louis. Mo.)-909& telol bovine 
scrum, stored in liquid nitrogen, shipped from California to New Jersey on dry 
ice, and then stored again in liquid nitrogen unril thawing. 

b*w cytometry. For surface staining cells were washed with cold 0.1% bovine 
scrum albumin (BSA; Sigma-Aldrich) in phosphate-buffered aaline (PBS) (Life 
Technologies), blocked with 5% heautnactivated human scrum, stained with 
jluoro chrome-conjugated antibody for 20 min ai 4°C, washed, and fixed with 300 
ui of 1% paraforroBldehyde in PBS (ffifthtf, Plnsburgn, Pa.) at 4°C overnighl. 
The antibodies used for surface st inning were as follows: CDS (clone SKI). CD 14 
(clone7G3), CD 123 (clone M*P9)» and HLA-OR (clone L243) (BD Biosciences, 
San Diego, Calif.). 

Intracellular detection of JFN-a/nw-a, IRlf-7, and chemoklnes. PBMC were 
prepared for intracellular detection oC IFN-*. IRF-7, CXCUO/TP-IO, and CCL4/ 
MlP-1 fi by using a modrncation of the method described previously (29). PBMC 
{Z x 10* cdbVmnwcrc cither mock stimulated (placed in the incubator wirhout 
r«ny virus added) <w stimulated with HSV-i strain 2331 at a muliipJiciry of 
infection of J lor 4 h at 37*C in 5% CO*. BrefeWin A (5 ^g/ml) (Sigma^AJdrlch) 
was then added, und Incubation was conrinued for an nddirional 2 h. CeOs wert 



surfaced stained, as described above, and fixed with J% paraformaldehyde in 
PBS at 4*C overnight. The following day, cells were wnshed twice with PBS-2% 
FCS, pcrmeabilisBd with 0.5% saponin (Stgraa-Aldrich) in PJB$-2% FCS for 30 
min at room temperature, and then incubated with 50 ng of bioUnyluiud 293 
monoclonal antibody (MAb) to TFN-a (obtained from O. V. Aim, UftM&la, 
Sweden) Or a commercially available antibody to IFN-« (clone MMHA.5, PBL 
BiomcdiCiJ t-ahoratorics, PLscataway, N.J.). Biotraylalion w.is carried out by 
using the suctinamide cstcx method. For intracellular staining of IR17-7, chcmo- 
kines, and 1*NF^, polyclonal rabbit antibody lo IRF-7 (Santa Cruz Biotechnol- 
ogy. Inc., Santa Cruz, Calir.), antUCCL4 (R&D Systems. Minneapolis, Minn.),«.iT 
biotinyluted wid-CXCLlO (U-S- BJologicals, Swampscott, Mass.), or anii-TN^-a 
(BD Phanningen) were incubated with the PBMC for 30 min at mom temper- 
ature. Cells were subsequently washed twice with 0.5% saponin in FBS-2% FCS 
and incubated 30 mm at room temperature with strcptavidln-Quantum Red 
(Sigma-AMrich) or fluorescein isothiocyanaie-COnjugnted $nar anti-rabbit immu- 
noglobulin G (IgG: BD Biosciences). Finally, the cells wctc washed acid rcsus- 
pended in 1% paraformaldehyde io PBS and analyzed by using a F ACSCalibur 
flow eytomctcr with CeilQuest analysis software (BD Bioscience*). 

KLlSrOT aaaaya. ELESPOT assays for detection o r lh>J ^-producing cells 
were carried out as previously described (13). Briefly, PBMC OOtyml) were 
either mock stimulated (placed in the incubator with no virus) Or stimulated for 
a h with HSV-1 at an multiplicity of infection of 1. We coaled yrLwelt Multi- 
screen plates (Millipore) with AS94 (Glaxo SmithKline, Uxbridge, United King- 
dom), a bovine polyclonal antibody to IFN-a, for 5 h. Cell suspensions were 
mkled, and this was followed by incubation for 1 1 h at 37°Q the pTimiiTy antibody 
to tFN-a, Mad 293. waa then added. After a 2-h Incubation at room tempera- 
ture, secondary antibody, horseradish pcroxidaae-conju gated goat anU-mOu$e 
IgG (Jackson Immunoresearch Laboratories), was added for 1 h. Finally, diami- 
nobenzidene with IL^Oj whs added ror 5 min. After washing and drying steps, the 
spots were counted under a dissecting mietoscope co determine the number or 
TFN-prodTicing cells (IPC). 
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FIG 4. PDC are the predominant IPC in HSV-titimulated macaque PBMC PBMC were either mock (A) or HSV (B) stimulated and gated 
based on forward scatter and intracellular expression of IFN-o. (C) Of The cell* that are rFN-a\ 90% are HLA-DR* 1 ' and CD123"', The data are 
shown for one representative experiment of IwO. 
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FJ G 5 Intracellular flaw cytometric dciccddn oi IFN-a production by HSV-slimuIated macaque and human PDC (A) Human PBMC (left panel) 
were rated as CD123 ' HLA-DR" cells and then further gawd far IFN-ct production to determine the percentage of PDC that produce IFN-ct in 
msp.mse la mock and HSV stimulation. The numbers in the upper right quadrants are the percentage* oflFN-a* PDC (B) Macaque PBMC were gated 
as described for human PDC in panel A to determine the percentage of PDC producing IFN-u in response tomock and IISV stimulation. The data 
shown Pre representative experimenrs of 11 human samples and 28 macaque samples. (C) The percentage of JPDC pr^ucine IFN-ct ranged from 12 to 
80% in humans and 36 io S2% in macaques. (D) Tncre was no sienificant difference in the percentages of ITOrnxxnicmg EFH<* between freshly drawn 
macaque blood and ovemight-sKipped blood, where PBMC derived from fresh and shipped blood are shown with the same symbol for an individual 
unlmuL The boxes in panels C and D represent the upper and lower quaxtilea, with the media™ shown inside the boxes- The lines extend out to either 
i he upper quartUes plus 1-5 times the mlerquarule range or the lower quartiles minus 1-5 limes the interquartile range 



I FN biuasaays. 1FN bio assays were perr feri-ocd by using a cy top a ibis effect 
reduction assay with GM ceHx Infected with vesicular stomatitis virus as ihc 
challenging vims as previously iksedbed (14). An IFN-ct rer*rent:e standard 
(G-023-901-527: National Institute of Allergy and Infectious Di$**$*, Bethcsda, 
Md.) was used at 100 IU/ml. 

Purification of PDC from macaque Mood. PBMC were depleted of T cells, B 
cells, NK cells, and monocyte* by uiuifc a modified version of the magnetic Wood 
dendritic cell isolation kit (Minenyi Biotech, IntL, Auburn, Calif.). Briafly, PBMC 
were washed and resuspended m MACS buffer (PBS [Life TechnoJojo'esI with 
K$A and 1 raM HDTA [Sigraa-Aldrich]) and then incubated at 4*C with 
^aivCW, and-Cr>l6 beads, antt-CDI4 bends, anti-l^Cl beads, and anu-CD20 
bendft. PDC *c*e <iegativcly selected for by i>sir»g the MACS magnetic separation 
f-nlumn (LD columns). 

PDC were subsequently positively selected for by incubating the tiegailvdy 
selected cells at 4'C foT 20 ™in with anli-CD123 PE. Resuspended culls were 
then incubated with anU-phycnerydirin beads (Mlltenyi Biotech) n>r l$ mln, aad 
PDC were positively xuluclcd by u«ng a MACS mjignede stupajsttlou column (LS 
iind MS uOlurruiS). 



Clcmsa sttininB. PDC were enriched by using the raugnedc bead separation 
method described above, eyiopsin centrifuge d onto slides, and allowed to air dry 
overnight. PDC were stained with Cicmsa slain, mounted with Permount 
(Fisher), and obseived under a microscope. 

IdenriRottioa or iFN^u reducing PDC by fluoreyceno: microscopy. PDC 
were enriched by using the negative selection described above. Enriched PDC 
were either mock ot HSV stimulated for 6 h, after which u^y were positively 
selected, a* described above. The resulting cells wctc then subjected to cytoapin 
centrimgalion and allowed to air dry on slides ovwniahi_ Purified PDC were 
fixed with 1% paraformaldehyde in PBS for 15 min and then permenrni&ed witu 
0.2% Triton X-100 in PBS for 5 mm- Slides were subsequently washed twice with 
PBS and blocked with 3% B5A in PBS and 10% normal goat serum for 30 mln. 
Purified PDC were Incubated for 30 mln with mouse MAb to human 1FN-* 
(clone MMHA-2; FBL.) that was labeled with Alcxa Fluor-6S0 by using the 
Zenon labclm^ $y>Usid (Molecular Probes, Eugene, Oreg,)- Cells were washed 
twice with 0-2% Triton X-100 in PBS and washed twice with PBS. Purified PDC 
were mounted on slides with mounting medium (Vector) and then observed 
under a fluorescence microscope. 
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FIG. 6- Microscopic analysis of macaque PDC (A) Macaqac PDC were enriched from PBMC by negative selection und then Gicmw sialncd 
nnd analyzed for morphology, revealing cells with characteristic PDC morphology. Positively selected PDC were mock (B) or HSV (C) srinuilated 
for 6 h and Then sraioed with Alexa Finer 680-conjusated anti-lFN-a antibody. 



StatJsticaJ analysis. Data ara expressed us mean values plus standard devia- 
tions Statistical significance was dctarmlned by Oneway nnaJysis of variance with 
SdiviEe'si test. Differences were considered U> be srignifcanl at P values of <Q-Q5. 

RESULTS 

Phenotypic characterization of macaque PDC Human PDC 
constitute <l% of PBMC, making them difficult to isolate and 
study in large numbers. However, human PDC can be identi- 
fied by using flow cytometry, allowing us 10 gate in on the small 
population of cells for both phenotypic and functional analysis 
(13). Human PDC have been characterized as cells that arc 
lineage marker negative, HLA-DR**", CD123 brlam , and 
CD lie" (Fig. 1A). Moreover, we have shown that the cells 
identified as HLA-DR"*" and CD123 b " 8lu by four-color fluores- 
cence-activated cell sorting (FACS) analysis are idenrical to 
the HLA-DR+ and CD123 hri,:hl population by using a simpli- 
fied two-color analysis (Fig. 1A) (9). In addition, BDCA-2 and 
BDCA-4 have been used to identify human PDC in PBMC 
populations (8). 

Using the same four- and two-color FACS analyses used to 
idenlify human PDC, we identified a population of cells in 
rhesus blood that is HLA-DR - CD123 brlshl and thus pheno- 
typicaJJy resemble human PDC (Fig. IB). Interestingly, there 
was more variability in the mean fluorescence intensity (MFI) 
of expression of HLA-DR in macaque PDC than in the human 
PDC. However, antibodies to human PDC-Specific surface 
markers BDCA-2 and -4 did not cross-react with macaque 
PDC (data not shown). Gating on the HJLA-DR"*" CD123 bri?hl 



cells, there were, on average, 1,260 ± 411 PDC73 X 10 s PBMC 
for humans (0.4%, n = 11 donors) and 264 ± 1S9 PDC/3 x 10 5 
PBMC for macaques (0.1%, n « 28 donors) (P < 0.05). Phe- 
notypic analysis comparing PDC from matched donors in 
freshly isolated PBMC, in PBMC isolated in shipped periph- 
eral blood, and in frozen PBMC yielded similar results (data 
not shown). 

HSV-induced EFN-ot production by rhesus PBMC In hu- 
mans, the total IFN response can be tested by measuring 
IFN-ct release (as determined by IFN bioassay) after in vitro 
stimulation of PBMC with HSV (12). To deterrnine whether 
this assay can also be used to assess IFN-a production in rhesus 
PBMC, these cells were stimulated in vitro with H$ V for 18 h, 
and the IFN-a in supematants was measured. Positive control 
cultures consisted of supernatanis from human PBMC stimu- 
lated with HSV. 

In both human and macaque cultures, unstimulated PBMC 
produced less IFN than the lower limits of detection of the 
assay (Fig. 2). In response to HSV stimulation, human PBMC 
produced a geometric mean of 2,220 IU of IFN/10* cells (one 
standard deviation; range, 851 to 5,791), whereas macaque 
PBMC produced a geometric mean of 1,723 IU of IFN/10 6 
cells (one standard deviation; range, 867 to 3,424) (P = 0.66 
[not significant |). In addition, in response lo SV, which stim- 
ulates both monocytes and human PDC to produce IFN-a 
(13), human PBMC produced a geometric mean of 6,049 IU of 
IFNAO 6 cells (one standard deviation; range, 2,147 to 17,044), 
whereas macaque PBMC produced a geometric mean of 7,965 
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FIG. 7. Expression of IRF-7 is human and macaque PDC, monocytes, and CD8 * T cells. PBMC from humans (upper panels) and macaques 
(lower panels) wen? surface labeled for Identification of PDC, monocytes, and GD8 * T cells. Cells were then pcrmcabUized and stained with cither 
control antiserum (dim lines) or anti-IRF-7 (bold lines), followed try fluorescein isothiocyanate-cqnjugated goat anti-rabbit IgO. PDC (CD 125 * 
IILA-DR+), monocytes (CD14 - '"), and CD8 + T ceUs were gated, and intracellular expression of 1 KF-7 In llie selected populations was determined 
as> fur the PDC The data are representative of two experiments with similar results. 



1U of IFN/10* cells (one standard deviation; range, 3,250 to 
19,518) (P = 0.62, NS). Thus, rhesus PBMC responded to HSV 
Stimulation with a magnitude of IFN-ct secretion similar to that 
of human PBMC 

To further determine whether the macaque rnodeJ closely 
resembles the established human model, the frequency of 
HSV- responsive IPC was determined by using an IFN-a-spc- 
Cific EUSPOT assay. HSV and SV stimulation of human 
PBMC yielded average frequencies of 13 ± 2.7 and 45.1 ± 
46.8 IPO10 4 PBMC, respectively,, whereas averages of 2.1 ± 
l.S and 15.8 ± 9.4 1PCA0 4 PBMC, respectively, were detected 
in rhesus samples after HSV and SV stimulation (Fig. 3). Both 
the HSV-lnduced (P = 0,0002) and SV-induced (P - 0.0473) 
EUSPOT frequencies were significantly lower in macaques 
than in humans. Moreover, in general, the sizes of the "spots" 
in The EUSPOT assays, as determined by visual observation, 
were smaller in macaque samples than in human samples. 

Identification of PDC as the major IFN-a-prodndng cells 
after in vitro stimulation of rhesus PBMC with HSV, To dc- 
tcirninc whether rhesus PDC, like their human counterparts, 



arc indeed the main IFN-a-producing cell type, PBMC from 
both macaques and humans were stimulated with H5V-1 for 
6 b and then stained and analyzed by FACS for intracellular 
IFN-a. As in humans, the majority of the cells staining positive 
for IFN-a. were cells (Fig. 4). Using the same gaiing 

strategy as described above for enumeration of PDC, the per- 
centages of PDC producing IFN-a in response to 6 h of stim- 
ulation with HSV were determined for humans and macaques 
(representative results are shown in Fig. 5A and B, respec- 
tively). As we previously reported for human PDC (12), not all 
of the macaque PDC produced IFN-a simultaneously upon 
viral stimulation. The percentages of PDC producing IFN-a 
varied from subject to subject (Fift. 5C), ranging from 10 to 
72% in human PDC and from 14 to 82% in macaque PDC 
Although we only directly compared a limited number of fresh 
versus shipped blood samples for expression of IFN-a after 
HSV stimulation, there was no statistical difference between 
these data (Fig. 5D). In contrast, although PDC in cryoprc- 
scrved PBMC samples were similar in terms Of phenotypc and 
frequency co fresh PDC, there was variability in their ability to 
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FIG.^8. CXCL10 and CCL4 production in macaque PDC Macaque PBMC were either mock or HSV stimulated for G h. PDC were gated as 
CD123 HLA-DR* cell* as described above. The intracellular expression of CXCL10 (A) and CCL4 (B) was measured l>y flow cytometry 
CXCL10 and CCL4 production is compared between mock stimulation (dim lines) and IISV stimulation for 6 h (bold lines). Panels A and B are 
representative experiment* of seven samples that showed an increase in CXCL10 in response to HSV and four samples for CCL4. The differences 
i?,™ 1 for CXC 1 - 10 (P) and CCL4 (D) are shown. Boxes are as described for Fig. 5. There was a significant difference in expression of both 
CXCL10 and CCL4 between mock and HSV stimulation. 



produce JQFN-ol Similar variability was obtained with cryopru- 
scrvecl human PBMC samples, indicating that our method of 
freezing yielded samples with inconsistent functional ability 
(data not shown). 

Morphology of macaque PDC PDC were enriched from 
PBMC by negative selection and subsequently Giemsa stained 
(Fig. 6A), revealing enrichment for large cells with lateralized 
reniform nuclei, a typical PDC morphology. For fluorescence 
microscopy, negatively enriched PDC were further purified by 
positive selection, stimulated with HSV for 6 h, and stained 
wiih anti-lFN-c*. Virtually no IFN-a positive cells were seen in 
the mock-stimulated purified PDC (Fig. 6B), whereas the 
HSV-stimulaicd, purified PDC showed a bright fluorescence 
pattern in the cytoplasm of the cells (Fig. 6C). 

1HF-7 expression in rhesus PDC. JRFs play an important 
role in the induction of IFN-a and IFN-0 gene expression, with 
IRF-7 being specifically required for stimulation of the IFN-a 
gene* (27, 40, 47). Wc (9, 22) and others (45) have previously 
reported that IRF-7 is expressed at high constitutive levels in 
human PDC and at much lower levels in monocytes and T 
cells, thus malting the PDC uniquely poised to rapidly produce 
high levels of lFN-a in response co virus stimulation. Similar to 
human PDC, constitutive high levels of IRF-7 expression were 
observed in macaque PDC, with lower levels being observed in 
monocytes and CD8 + T cells (Fig, 7). Macaque PDC, however, 
had lower MFIs associated with IRF-7 than did human PDC 
(i.e., MF1 « 127.9 (one standard deviation range from 85,6 to 



191.0] versus MFI = 376.7 [one standard deviation range from 
181.0 to 786.2], respectively; P « 0.0003) (9, 22). 

Macaque PDC produce CXCL10/IF-10, CCL4/MIP-ip, and 
TNF-a in response to HSV stimulation. IP-10 (CXCL10) and 
ivHP-lp (CCL4) axe inflammatory chemoldnes thai chemoat- 
tract Thl-polarized T cells and NK cells, rCbpcctrvery. We have 
previous demonstrated that human PDC produce CXCL10 in 
response to either IFN-a or HSV, whereas H$V but not IFN-a 
induces the expression of CCL4 (2$). In the macaque model, 
utilizing intracellular flow cytometry, we delected significant 
IP-10/CXCL10 production in MSV-stimulated PDC from 7 of 
11 monkeys tested (Fig. 8A and Q. We also observed HSV- 
induced upregulation of MIP-lp/CCL4 expression in macaque 
PDC (Fig. 8B and D), a finding similar lo what we reported 
carrier for humans (28). Finally, similar to human PDC, ma- 
caque PDC expressed intracellular TNF-a in response to HSV 
stimulation (Fig. 9). 

DISCUSSION 

Although it is recognized that PDC play a critical roJe In the 
link between innate and adaptive immunity and that their 
numerical and functional dysfunction contributes to HIV 
pathogenesis (12, 42), study of the late of PDC in HIV infec- 
tion has been hampered by the difficulty of monitoring the 
PDC throughout the body. Likewise, it is difficult to study PDC 
in human hosts at the earliest periods after infection with HIV. 
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FIG. 9. TNF-ec expression in macaque PDC. Macaque PBMC were 
trilher mock or HSV stittUilaiec] for 6 h and then surface stained for 
identification of PDC, followed by permcabilizatian and staining for 
"LOT-a expression. The percentages of PDC that were positive 
for TNF-a are shown lor mock (A> and HSV (B)-$timulated PBMC 
fur one representative monkey out of nine (C) The percenta^ of PDC 
positive for TNF-a ranged from 0 to 4% m mock-stimulated PBMC 
and 2 tu 27% in IlSV-stimulated PBMC (P < 0-05). 



Thus, an animal that allows study of PDC function in the 
context of immunodeficiency virus infection is very much 
needed. The present study was undertaken to determine the 
extent to which macaque fDC are similar to their human 
counterparts. 

Wc used reagents that wc routinely use in the study of 
human PDC to further describe the rhesus macaque PDC. 
Others have reported that macaque PDC, like their human 
counterparts, can be identified by using four markers: lineage, 
HLA-DR, CD123, and CDllc (8, 48). We demonstrate here 
ihat the macaque PDC, like their human counterparts, can be 
identified by using our two-color scheme (9), which utilizes 
CD123 and HLA-DR only. Using a four-color flow cytometer, 
denning the PDC by two colors, opens up two additional chan- 
nels for additional studies, such as intracellular analysis of 
IFN-o:, chemokines, or IRF-7. Two existing antibodies fre- 
quently used to identify and/or isolate human PDC, namely, 
BDCA-2 and BDCA-4, however, failed to react with the ma- 
caque PDC PDC phenorype, and frequencies were found to be 
similar within macaque PBMC obtained from freshly isolated 
blood, PBMC separated from heparanized blood that had been 

shipped overnight, and in cryopreserved, thawed PBMC. The 
macaque, however, had a significantly lower percentage of 
PDC in the peripheral blood than human donors. In addition, 
we observed more variability in the expression of HLA-DR by 
the macaque than the human PDC, but this did not interfere 
with our ability to identify the PDC. By using Giemsu stain, 
isolated PDC were indistinguishable from human PDC. 
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In addition to their phenotypic similarity to human PDC, the 
macaque FDC within the PBMC vigorously produced IFN-a in 
response to stimulation with HSV, as measured both by total 
IFN-o: activity in an IFN bioassay and by ELTSPOT analysis 
with human JFNhx specific reagents. Although the levels of 
IFN in supematants of HSV and $V-stimulatcd samples were 
statistically indistinguishable, the ELISPOT frequencies of the 
IPC were lower in macaques than in humans- The lower fre- 
quency of HSV-rcsponsivc IPC, as measured by ELISPOT, is 
consistent with the observation that the monkeys had a lower 
percentage of PDC among PBMC than humans. The ability of 
the gated PDC to produce IFN-a, as measured as the percent 
PDC positive for intracellular IFN-o;, was statistically equiva- 
lent between monkeys and humans, indicating that, as we pre- 
viously demonstrated in humans (12, 28), not all PDC respond 
to HSV with IFN production, a finding that has also been seen 
with human PDC Stimulated with the TLR7 agonist, irai- 
quimod (18). The markedly lower frequency of SV-responsive 
IPC in monkeys compared to humans may reflect limitations to 
the ELISPOT assay. SV is known to induce both PDC and 
monocytes to produce IFN-o:, with the monocytes expressing 5- 
to 10-fold lower expression of IFN-a on a per-cell basis than 
the PDC (13, 20). In the ELISPOT, this is seen by a mixture of 
small (monocyte-derived) and large (PDC-derived) spots. The 
number of smaller, monocyte-derived IFN-a spots was notice- 
ably lower in the macaque than in the human, perhaps reflect- 
ing spots that were too dim to detect, thus limiting the useful- 
ness of the ELISPOT assay for detecting SV-induced IPC 

Also similar to the human PDC, macaque PDC produced 
both CXCL10/IP-10 and CCL4/MIP-lp a as well as TNF-a, in 
response to HSV. Tnus, as in humans, the macaque PDC are 
uniquely poised to interact with other cell types such as NK 
cells and T cells (28) and to link innate and adaptive immune 
responses (24). Overall, the similarity of macaque PDC to 
human PDC in response to HSV demonstrates the usefulness 
of the macaque model for the study of PDC. 

Coares et al. studied PDC in Flt3t^treated macaques (8). 
Although growth factors such as Flt3L may be useful in ther- 
apeutics, we hare demonstrated that fresh, untreated PDC can 
be functionally studied in the macaque model In addition, we 
were able, by using the two-color scheme to identify PDC, to 
demonstrate that macaque PDC, like their human counter- 
parts, produce IFN-a, IP-10, MIP-13, and TNF-a in response 
to viral stimulation. The similarity in cytokine production of 
macaque to human PDC further establishes the macaque 
model as a good system for studying PDC 

la addition to the phenotypic and functional similarities 
between the macaque and human PDC the macaque PDC, 
again similar to human PDC (9, 23), were found to express 
high levels of the transcription factor IRF-7 compared to other 
peripheral blood cell types. In humans, wc have demonstrated 
that this IRF-7 can be rapidly translocated to the nucleus of 
PDC after stimulation with HSV. We postulate that this high 
constitutive IRF-7 is what makes PDC such exquisite "profes- 
sional IFN-producing cells" (40). 

In conclusion, the macaque PDC model provides a valuable 
system to study these rmportant cells In a nonhuman primate 
setting. Furthermore, the similarity between STV and HIV 
pathogenesis in rhesus macaques and humans, respectively, 
provides a useful model in the macaque for studying HIV 
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pathogenesis. Studies arc currently under way to evaluate the 
PDC; system in the context of acute and chronic immunodefi- 
ciency vims infection. The demonstration of the macaque as a 
good mode] for PDC study will hopefully permit the eluada- 
lion of the role of PDC in viral pathogenesis, as well as in other 
human diseases. 



ACKNOWLEDGMENTS 

This study was supported by grant 106449-34-RGIM Irom amIAR 
(P.F.-B-), Public Health Service Grants AJ 2&m (P.F--B), AI44480 
(CJ.M,), &R14555 {CJ.M.). RR01 69 (CJ.M.), AI055793 (CJ.M,), 
AI57ZM (CJ.M-), and by the UMDNJ Graduate School for Biomed- 
ical Sciences (E.C. and G.G.). 

REFERENCES 

1. Anthony, D. D„ N. L, Yonkrrs, A. B. Poal, JfL Asaad, F. P, Beimel, M- M. 
Lcdcnnan, P. V. Ivlimaart, and H. Valdez, 20O4-. Selective imp^rmtnts in 
dendritic cdl-associated function distinguish hepnlicU C vims and HIV in- 
fection. J. Immunol. 172:4yU7-49l6, 

2. Asselln-Pararol, G, A. Boons*™, M- Dated, L Durand, N. Yesraad, C. Dc- 
zuttcr-Dambuyant, A* Vfcnri, A. O'Garra, C Blrcn, F. Brierc, and G.Triuch. 
icri- 20Ut. Mout-e type I lFN-produchg cells ore immature APC* with plus- 
niacytoid morphology. Nor. Immunol. 2:1144-11 50. 

3. Banchcrcau, J., nnd R- M. Sielnman. 1998. Dendritic cells and the control or 
immunity. Nature 392l245-252. 

4. llauer, V. Rcdcckc J, W. Eltwnrt, B. Schcrcr, J.-P. Krcmcr, JL Wagner, 
pnd G. D. LipFerd. 2)01. Bacterial CpG-DNA triggers activation and rnntu- 
ration of human CDllc*. CD123* dendritic cells. J. Immunol. I6fi*:5000- 
5007. 

5. Bell, D., J. W. Young, and J. Banchcrcau. 1999. Dendritic cell*. Adv. Trtimn- 
nol. 72:255-324. 

6. Cdln, F. Fuccbclti, A> Lati3^*ecchia, and M, Colonnn. 2000, Plasmacy- 
toid dcndriiic cells activated by influenza vims and CO40L drive a potent 
TH1 polarization. No I. Immunol. 1305-^tO. 

7. Cclla, IVL, D. JncTossny, F. Fw*hcUi, O- Aldmrfi, 0. Nakajiuta, A* Lanza- 
ActxliLi, nail M. Colonna, 1999. Plasmacytoid monocytes migrate to inflamed 
lymph nodes and produce large amounts of type I interferon, Nal. Med. 
5:910-923. 

o\ Cosies, P- T. FL, 5- M- narrtdi-Hiiye*, L Zhang, V. S. Doimeuberg, P. J. 
O'Omnell, A_ J. I jjRur, IT. J. Dunean, M. Murpney-Corb, A. D, Donnenbarg, 
A. £. Morelli, C. ft. Maliszewskl, and A. W. Thomson, 2003. Dendritic cell 
subsets in blood and lymphoid Lissue of rhesus monkeys and their mobiliza- 
lion with Fli3 licand. Blood 1112:2513-2521. 

9. Dai, N. X Megjugorac, S* B. Am rote, and P. FltzgeraW-Bocarsly. 2004, 
Regulation of IFN regulatory factor-7 and IFN-a production by enveloped 

virvv und tipopo7ysucvh;>ndii in byman phu>muCytOid dendritic CClbL J. IfO- 

munoL 173:1515-1548. 

10. Dzionek, A. Fuchfl, P. Schmidt, 5. Cream-, M. Zysk, S. Miltcnyi, D. W. 
Buck, nnd J, Schmicr, 200a BDCA-2, BDCA-3, and BDCA-* three markers 
for distinct subsets of dendritic cells in human peripheral blood. J. Immunol 
i(K:6037-«04d. 

11. ISnRcrinc A, M- Cell*, D. duilxmn, M. Rnickhmul, K. HOcJSmiL, and A. 

Lanaavocchia* 1997. The mannose receptor funcrions as o high capacity and 
broad speciliciry antigen receptor on human dendritic cells. Our. J. Immunol. 
27:2417-2425. 

1 1 ircidiean, &, O. Stair), S. Aiarutc, T. Danny, Z. Gaixia, p. Klosar, Y. Sun, N. 
Meglugorac, and P. Fltzgerald-Bocaraiy. 2001. Decreased interferon- a pro- 
duction in HIV-infected pulietits correlates with numericul and IimcliOnvt 
deficiencies !n drtu! alias type 2 dendritic cell precursors. Glfl- Immunol. 
101:201-210. 

1.1. Feldmnn. 5. B-, M C MUenc. P. Kloscr. nnd P. Fite^mld-Bocnrsly. 1995. 
Functional deOcicncics m two distinct IJ^N-o. producie^ cell populations in 
PBMC from humaji unmuno deficiency virus seropositive patients. 7. Lcukoc 
Miol, 57t214-220. 

14. ntxeemld, P^ P- von Wusww, «nd C- Lope*- 1982, Role of mierfaron m 
narural kill of HSV-l-infecied fibroblasts. J. Immunol. 1202819-823. 

15. lllzgenild-Jtacnrxfc/, P. 1993. Human natural I FN -alpha producing CbtR 
PhsirmiwI.ThcT. 6th39. 

IG. ntigtrald-Hoearsty. P. 2002. Narural IFN-alpha producing cells: the plas- 
macytotd dendritic cells. BioTechnlques 33i51-S29. 

17. Pranctiioi, J. Ntsom, Z. 11 el, und C Trynh«ewvka, 2002. Immune anrei- 
vention strategics for HTV-1 infection of humans in the SIV macaque model. 
Vaccine 20va52-AISO. 

1 8. Gibson, S. J. J. M. Lindh, T. FL Ritor, R. M. Cloason, L. M. Rogers, A. E. 
Fuller, J. I- UcsleHch, K. B. Gorden, X. Qia, und S. W. McKime. 2002. 
Plosmacytoid dendritic cells produce cytokines and mature in response to the 
TLR7 ugonists, imiquimod und resiquimod. Cell. Immunol. 218^74-€6. 



Cun. DiaON. Ca«. Immunol 



19. Gil 1*1, rVL, A. Boonstra, C Patnrel, 5- Antentnko, Xu, G. Tnncbicri, 
A. CKCarra, and Y^J, Liu. 2002, The development of murine plasnacytoid 
dendritic cell precursors Li differentially regulated by Fi.'O-ligau*! and gran- 
uloeyte/maerophage colony-atimulatin^ factor- J. fixp. Med. 1^^53-058. 

H), Ooni, a.L,K. Fun a, and G. V, Aim. HiSft. Drflfcrcnt induction patterns or 
niRNA for IPN-alpha and -beta m human inononuclear leukocytes nHcr in 
vitro stimuJwllon with herpes simpleot virus-infected fibroblasts and Scndai 
vfrus- S, Immunol. 140:3fiQ5-3fi09. 

21. Unci, D. N. J. 1997. Dendritic cells; unique leukocyte populations which 
control the primary immune response. Ulood 903245--3287. 

22. Iwiruirrt, A, B. J. Barnes, S. Amrutc, WaS. Yww, N. Mqjii«orac. J. Dal, D. 
Feng, E. Chung, P. M. Pittia, and P. Tilxijfcrald-Bocarsly. 2003. Comparative 
analysis of IRf and lFN-alpl»a expression in human plasmacytoid and mono- 
cyic-derivcd deiidrldc cells. J. Leukoc Biol. 74?1125-1 13$. 

23. Jiang, W M W. J. Swlggard, C Heuflcr, M. Ptmje, A Mirta, R. M. Stclnraan, 
and M C NussvnzweiR. 1 995. The receptor DEC-205 expressed by dendrctic 
cells aind thymic epithelial cells is Involved in pntlgan processing. Nature 
375:151-155. 

24. Kadwoki, 5- Anloncnk?, J. Y. Lnu, and Y. J. Liu. 2000. Natural inter* 
firfon alphaybcta-producing cells link innate and odupLive immunity. J. Exp. 
Med. 192:219-226. 

25. Kndw«ki, S- AninnenLo, nod V.-J. Liu. 2001. Dislincc CpG DNA and 
polyino»nic-polycytldyllc acid doublc-arranded RNA, respectiveh/, Bttmui;*iu 
CD11C type 2 dendritic cell precursors and CD lie* uVndniic edU to 
produce type I IFN. I, Immunol. 1^6:2291-2295- 

26. Liu, Y. J., N. KadowakL M. C, Rissonn, »md V. Soumolis. 2000. T cell 
activation and polarization by DC1 und OC2- Curr. Top. Microbiol. Immu- 
nol. 251:1*9-159. 

27- Murie, L, J. E. Durbin, and D. R. Levy. 1998. Diflerenlial virol induction ot 
distinct mtctferon-a genes by posiuve feedbuck through inLcrfuron rcfiula* 
tory f3CtOT-7, EM HO J. H7:o6«Wjn69. 

28. Meauunnic, H. A Yuurtfi, S. Ainrute, S. Olshalsky. and P. Fitzgerald- 
Bccarsty. 2004. Viiolry stimulated plasmacyloid dendritic cells pnjdueu chcr 
moJunes and indirce migration or T and N< colls. J. Lcukoc. Biol. 75s504- 
514. 

29. Milone, M. C, and P. Fuzgcrald-Bocnrsly. 1998. The mannose retaqitor 
mediates induction of IFN-a in peripheral blood dendritic cells by enveloped 
RNA »nd Of4 A viruses- J- Immunol. 161^391-2399. 

30. Nnkanii, H_, M. Yana K iLu, und M. IX Gumx 2001. CDllc^ B220* Gr-1* 
cells in mouse lymph nodes and spleen display characteristics of plasma cy- 
toid dendritic cells. J. Exp. Med. 194:1171-1178. 

31. Norbury, C B. Chambers, A. Prcscott, H. Ijanggrcn, and C Wntls. 1997. 
Conslilulive mucrOpinocylosis allows TAP-dependent major Hfstoeompatl- 
bility complex class I presentation of exogenous soluble anrigen by bone 
marrow derived dendritic cells. Eur. J. Immunol. 27&8D-286. 

32. Olweus, J, A. BitMansuur, a Wamke, P. A. Thompson, J. CarbaUido, L> J. 
Picker, and F. Lond-Johansen. 1997. Dendritic cell ontogeny: a human 
dendrilic cell imeape of myeloid origin- Froc. Nail. Acid- Scj. U$A 94t 
12551-12556. 

55. Faeanowslti, S. Kalii, M. BaJllet, P. Lfibon, C Deveau, C. Goajara, L. 
Meyer, E. Okscn headier, M. Smot, nnd A. Uosmalln. 2001. Reduced blood 
CD123" r (rvrnphoid) and CDllc* (myeloid) dendrilic cell numbers in pri- 
mary H1V.1 infection. Blood 9tfc3Q16-3021. 

34. Penna, M. Vidcaco, A. IUinuSxi, K (faecheUi, S. Sottaai, and L. Adorini. 
2002. Cutting edge: coffcxenfial chemokine production by myeloid and plus- 
mucyioid dendriUc cells, J, Immunol. W9ro073-6$76. 

35. Ficbyangtoil, T. 1*. Knuy, S. Kalayanamnj, A Niaalak, K. YonfivaniUUiit, 
S. Green, A. L. Rothmarj, F. A. Ennla, and D, H. library. 2003. A blunted 
blood plasmacytoid dendritic cell response u> un jicuie yysiemic viral infe& 
tion Is associated whh incre»Sed dt^a^e severity, J. Immunol. 171 :557 1-5578. 

36. Reis e Sousa, (1, P. Suihl, ond J. Anslyn. 1995. Phagcomasb of antigens by 
Langerhana cells in vitro. J. Exp. Med. 178^09-519. 

37. Romant, D. Reidcr, M. Hcuer, S. Ebner, E. Ompgciu B. Eibl, D. Nicd- 
ermeser, und Q. Schulcr. 1996. Cenersilion of mature dendritic cells from 
human blood: an improved method with special regard to clinical applica- 
bility. J. Immunol. Methods 196:137-151. 

3*. SnUusto, F„ M. CcUn, C Danicli, nnd A. Uuizavcochin. 1995. Dendritic ceils 
use macroplnoeyioris ;md the roarmose mccpior to eoncuntnue miKronioi* 
ccules in the major hisiocompatioility complex class II compamnene down- 
rcgulaOon by cytokines and bacterial products. J. Exp. Med. 182^89-400, 

39. SbJIusLd, F„ nnd A. I^oziitcciJiui. 1994. EiTicJCnt presentation ot soluhlc 
antigen by cultured human dendriric cells is maintained by granulocyte/ 
macrophage oolony-srimulanng factor plus mierleukin 4 and downregulated 
by Lumor necrosis factor alpha. J. Exp, Med. 179:1109-1118. 

40. Sfllu, M-, U. $uemuri, N- Hu|u, M- AMigiri, IC O^isiiwarp, K. Nukun, T. 
Naknym M. KttsokU S. NoguchJ, N. Tnnaka, nnd T. TaniguchL 2000. Dis- 
tinct and tMcndal roles of transcription raccorx 1RF-3 and IUK-7 in response 
to viruses for IFN-alpha/bera gene induction. Immunity 13:539-548. 

41. Sicgnl, F„ N. Kadownki, M, ShedeO, P. Fitzgcr old-Boca rsb, K. Shan, S. Uo, 
A. Antooeuko, and Y. J. Liu. 1999. The nature of the principal type 1 
mrcrfcron- producing cells in human blood. Science 2S4ii835-i&37. 

42. Sicca!, F. P, C. Lopez, P. A. Flagerald, EC Shah, P. Baron, L Z. Leiderman, 



PAGE 45/1 1 7 * RCVD AT 6/8/2006 3:20:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/18 ' DNI8:2738300 ' CSID :514 286 5474 * DURATION (mm-ss):5644 



06/08/06 14:40 FAX 514 286 5474 



OGILVY RENAULT 



0046 



Vol 12, 2005 



D. laiptrato, and $_ Umdcsmnn. 1986. Opportunistic injections in acquired 
immune deficiency syndrome result Irom synergistic defects of both natural 
and adaptive components of cellular immunity. J. Clin. Invcstig. 7Bt1 1^-123. 
d v"5. Soumelis, I. Scott, F. Ghcyaa D. BouLour, G. Cozon, L. Cotte, L. Huan^, 
J- A. Lc>y, and Y. J. Liu. 2001. Depletion of circulating natural rypc 1 
inrcrf«TOn-producinfi cells in HlV-infcctcd AIDS patients, flloud 9&S06- 
912. 

&A. Stcinman, JL to. 1991. The Dendritic Cell System and its Role in Immune- 
gtnEriiy. Anrru. Rev. Immunol. 9471-296. 

45, Takauji, )L, S. iho, H. Tnktfsuka, S. Yamumoto, T. Taknhaani, u. ttiingmm, 
II- Uuakcl, k. lida, T. Yofcochi, and T. MaisukJ. 1W2. CpG-DNA-induced 
IRM production involves p3S MAPK^Jepcndem STaT-1 phosphorylation 
(n human plasmacyioid dendritic cell precursor*. J, Leukoc. Biol 7*l0li. 



CHARACTERIZATION OF MACAQUE PDC 435 



46. Tan, M* A. Mommaus, J. DrJJflioui, el Jurdcns, J. Ondemaiur, n. Vcr- 
wqcoL A. Mulder, A. mo dcr Hridon, D. Setiekleggcr, L. Oomcn, T. OlUm- 
bol, A. Tiilp, J. NccQos, and V. Kunlm*. 1997. Mannost receptor-mediated 
uptake of antigen* strongly enhances HUK class Il-restricted antigen pre- 
sentation by cultured dendritic cells. Eur. J. Immunol 27;2426-243S. 

47. Tanijcachi, T- and A. Tafcuoka, 2002. The interferon- WJJ system in antiviral 
response*: a multimodal machinery of gene regulation by the 1RF family of 
transcription factors, Corr. Opln. Immunol. 14:111-116. 

AR Tclwhovn, N.. J. Kenney, J, j«ws, J. Mars ban, Van Near, J. Dufbur, R. 
Bohm, J. D. Lirwn, A. Gallia, and M- Pvpc 2004. CpQ-C rmmunDstimuIa- 
tory cdigoceoxy ribonucleotide activation of plasma cytoid dendrUic cells in 
rhesus macaques to augment the activation of IKN-^secreiing simian fan. 
munodcficjcnCy vnus-fipcculc T cells. J. Immunol. 173; 1 647-1657. 



PAGE 46/117 « RCVD AT 6/8/2006 3:20:20 PM pastern Daylight Time] « SVR:USPT0€FXRF-1/18 * DNlS:2738300 * CSID:514 286 5474 * DURATION (mm-ss):5644 



06/08/06 14:41 FAX 514 286 5474 



OGILYY RENAULT 



0047 



Procs Natl. Acad. Sd USA 

Vol. 94, pp. 7811-7816, July 1997 



Review 



Immunity to retroviral infection: The Friend virus model 

Kim J, Hasenkrug* and Bruce Chesebro 

tosw"** ^ terXlSiCnt &nc<uej. Rach Mcjuntain Laboratories, National Institute o/Ader^y and Infectious Diseases, Sanonat Itutltuit* uf Heath, Hamilton, MT 



ABSTRACT Friend virus Infection or adult immuno- 
competent mice is a well established model for studying 
genetic resistance to Infection by an immunosuppressive 
retrovirus. This paper reviews both the genetics of immune 
resistance and the types of immune responses required for 
recovery from infection. Specific major histocompatibility 
complex (MHC) class I and II alleles are necessary Tor 
recovery, as is a non-MHC gene, Rfv-3, which controls 
virus -specific antibody responses, la concordance with these 
genetic requirements are immunological requirements for 
cytotoxic T lymphocyte, T helper, and antibody responses, 
each of which provides essential nonovu dapping functions* 
The complexity of responses necessary for recovery from 
Friend virus infection ha* implications fur both immuno- 
therapies and vaccines. For example, it is shown that 
successful passive antibody therapy is dependent on MHC 
type because of the requirement for T cell responses. For 
vaccines, successful hnmunization requires priming of both 
T cell and B cell responses. In vivo depletion experiments 
demonstrate different requirements for CDS* T cells de- 
pending on the vaccine used. The implications of these 
studies for human retroviral diseases are discussed. 

Scientific knowledge of retroviral infections in humans is 
relatively new and little is known about the types Of i mmu ne 
responses required to successfully defend against these infec- 
tions. Such knowledge would be extremely valuable for de- 
signing vaccines and immunomodulatory therapeutics. Studies 
of long term survivors of HTV infection are beginning to 
provide some insights (1-6), but such individuals are rare, and 
data are difficult to obtain. In general, cell-mediated responses 
raj her than antibodies are considered the critical elements 
responsible fur resolving most human viral infections. This is 
because humans with generic deficiencies in T lymphocytes are 
very susceptible to many viral infections whereas those with 
antibody deficiencies are not (7, &). However, antibody re- 
sponses also appear essential for resistance against certain 
viruses such as enterovirus (9) and rabies vims (10), and there 
are numerous examples of antibodies curing or preventing viral 
infections (11-17). Thus, there remains controversy regarding 
which arms of the specific immune system are most important 
for resolving viral infections. Most likely this resolution de- 
pends On the specific virus and host involved, and often more 
than one aspect of the immune response is important, if not 
essential. 

This review summarizes studies from the polycythemia- 
in during strain of Friend virus (FV) complex, an immunosup- 
pressive retrovirus model that induces leukemia in mice. The 
results indicate that resolution of retroviral infections may 
require more complex immunological responses than have 
been found for most other viruses. Numerous experiments 
using both genetic and immunological approaches demon- 
strate that immune resistance to FV requires multiple arms of 
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the immune System, including CD4+ T cells, CD8+ T cells, and 
B cells, each providing essential nonoverlapping functions. 

When adult mice of susceptible strains are infected with FV, 
their spleens rapidly enlarge because of virus-induced poly- 
clonal proliferation of crythroid precursor cells (19-21). Sub- 
sequent proviral integration at the Spi-1 (eu) oncogene locus 
(22-27) combined with inactivution or mutation of the p53 
tumor suppressor gene (28-30) produces fully malignant 
erythroleukcmias. Tnis process results in gross splenomegaly 
at 8-9 days postinfection and transplantable erythroleukemia 
cells as early as 15-20 days postinfection (31), Thus, a suc- 
cessful immune response must develop quickly enough to keep 
ahead of this transformation process. 

Genes Involved in Recovery from FV Leukemia. Mice have 
evolved a formidable array of genes involved in conferring 
immunological resistance to FV-induced disease, including 
at least four major histocompatibility complex (MHC) (H-2) 
genes (32-35) and one non-MHC gene, Rfv-3 (36). In 
addition, there arc six genes (Fv-l-Fv-d) that confer resis- 
tance to infection through nonimmunological mechanisms 
(37-39). Adult mice with appropriate susceptibility alleles at 
the nonimmunological loci are infectable by FV and develop 
severe splenomegaly. Their subsequent survival is dependent 
on MHC and Rfv-3 genes that control immunological re- 
sponsiveness. Mice having high recovery MHC and Rfv-3 
genotypes, Such as H-2 b/b and Rfv-3'' - , spontaneously re- 
cover to near normal spleen size within several weeks and 
generally live out a normal Jife-span. Occasionally mice may 
eventually relapse, indicating the presence of persistent 
infection (40), but this aspect will not be further discussed. 
Experiments with MHC recombinant mice show that MHC 
regions H-2A, E 7 D, and T are important for recovery from 
acuie FV infection. 

The H-2D region of the mouse MHC has a very potent 
influence on recovery from FV infection because it encodes 
the class 1 molecules that present viral antigens to CTL (39). 
Of interest, the H-2D region also influences the kinetics of 
virus-specific CD4+ helper T cell responsiveness (41) and 
controls host suscep nihility to FV-induced immunosuppression 
(rcf. 42; Table 1). The H-2D region exhibits an unusual 
gene-dose effect whereby H-2D h # mice show the highest 
recovery incidence, H-2D b/d mice are intermediate, and 
2D d / d mice are lowest. Each of these genotypes differs in 
various FV-specific immune parameters (Table 1). One obvi- 
ous way such a gene-dose effect might occur is through 
altering expression levels of the D b class I molecules used to 
present viral peptides to cytotoxic T lymphocyte (CTL). 
However, experiments to test this hypothesis in the FV system 
indicate that D b -associated high recovery did not require 
homozygous levels of D b expression (43). An alternative that 
also has been investigated is whether expression of low recov- 
ery alleles, such as D", might produce a negative influence ou 

AbbreviatioTis: FV, Friend vims; MHC, major histocompatibility 
complex; CTL, Cy to toxic T lymphocyte; F-MuLV, Friend murine 
leukemia virus; NK celt, natural killer cell 

*To whom reprint requests should be addressed, e-mail; 
KHascnkrug@nih.gov. 
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Table 1. Gene dosage effects of H-2D genotype 



H-2D 
genotype 


FV- specific T cell responses 


Recovery from FV+ 


FV-mduced 
rmmunosuppressioDS 


CD4" T cell 
proliferationt 


CDS* CTL* 


LowFV 
dose 


High 
FV dose 


u/b 


rapid 




yes 


yes 


no 


b/d 


slow 


+ + 


yes 


no 


no 


d/d 


negative 


+ 


no 


no 


yes 



-ww uj/i-vii xuwiu luiiuii^ wmiisj iu^ii uu.it, iwu apiccn iui:LL-t Tornimc; irnus. 
TKinexics of FV-specific CD4 + T cell proliferative responses after challenge with high dose of FV (rapid. 
6 days; slow, 16 days). 

*The magnitude of FV^pecific CTL responses is influenced by both the H-2D type and by the FV dose 
used for infection (41), 

SSignificqm decrease in antibody respond to sheep red blood ccU challenge. 



recovery. For instance, D d gene products could deiete poten- 
tial Friend-specific T cells by negative Selection during devel- 
opment in the thymus. Experiments with transgenic mice 
showed that expression of D d in an H-2 b mouse did not 
adversely impact recovery (44). It is also possible that some Of 
the effects associated with H-2D are mediated by other genes 
that are very closely linked to H-2D and have not been 
separated from H-2D in the MHC recombinants used for 
mapping experiments. Possibilities include the tumor necrosis 
factor complex and the H-2L gene. 

Two class IT MHC genes, H-2A and H-2E, a bo play impor- 
ts nt roles in immunity to FV. For H-2A, high recovery is 
associated with the H-2 b haplotype, and the effect is dominant 
(Table 2) . The H-2A b allele acts like a typical immune response 
gene influencing antigen presentation to CD4+ T cells (39). 
Mice with homozygous mutations in H-2A, such as H-2A bmI2 , 
or mice with low recovery alleles, such as H-2A k , fail to mount 
T cell proliferative responses and have a low incidence of 
recovery (45). 

The situation with H-2E is more complex than H-2A 
because it has both positive and negative effects on FV 
immunity (35). Mice with an H-2 b iiaplotype do not express 
H-2E heicrodimers because of a defect in the gene encoding 
the a chain (46, 47). However, the H-2E b 0 gene comes into 
play when a functional a chain gene is introduced by breeding 
with mice carrying another haplotypc such as H-2 a . H-2^ 
heterozygous mice use a hybrid molecule comprised of an E* 

Tahfc 2. MHC class 11 effects on FV immunity 



MHC Class If 


Effects on Priand Virus (FV) Lnmunfty 


A M> or A hflc 


• FV-epedflc CD4+ T-cell reaponsivanasa 

• tsotype swikfing 0 f FV-spectffc antibodies 

- Responsiveness to vacditia/FV envatope 
vaccination 


A k/k 


• lack of FV-gpedfic CD4+ T-CSB respond Venae* 
- Nd laoiype switching of FV-spoclfic antibodies 

* Lack of responsiveness to vacdnla/FV 
envelope vaccination 


E tVb<D 


• No thymic selection ■ j 

• NoFV-epeeificC[>UT-<flllreaporU«a 




• NeeativB thymic ssfecHon of FV-apeclflc 
T-celfa from the repertoire 



(1) H-2E molecules are not expressed on the cell surface in H-2'* 
mice because of lack of a functional E a gene (46, 47). (2) H-2E * 
chains form the k hqpjotype associate with 0 chains from the b 
haplotype io form functional cell surface heterodimers that present 
F-MuLV envelope peptides to CD4- T cells (48), H-2E k ' k molecules 
may affect Ihc FV-specific immune response also, but their role is 
unknown. 



a chain and an E b £ chain to present a Friend murine leukemia 
virus (F-MuLV) envelope peptide to CD4 + T cells (48). 
Blocking this presentation with specific antibodies reduces 
recovery, indicating an important positive role in FV immunity 
(35). However, despite this role, studies in transgenic and 
MHC recombinant mice have shown that the overall effect of 
expressing H-2E molecules is a decrease in recovery from FV 
infection. This reduction in recovery appears to occur through 
negative thymic selection of T cells that recognize H-2E. Thus, 
the positive and negative effects arc temporally separated with 
positive effects occurring during the immune response and 
negative effects Occurring during development of the T cell 
repertoire (Table 2). The H-2Qa-Tla region has a weak, but 
detectable, effect on recovery from FV leukemia (33). This is 
a rather large genetic region and the influence on recovery is 
not very strong, so the exact geue involved has not yet been 
determined. 

In addition to the four MHC genes described above, the 
immune response to FV is also strongly influenced by a 
non-MHC gene, Rfv-3 (36). Mice require at least one resis- 
tance allele at this locus to make antiviral neutralizing anti- 
bodies to clear plasma viremia after FV infection. This effect 
is necessary, but not sufficient, for recovery from leukemia, as 
will be discussed further below. 

Studies or FV-Speeific Immunity. Several studies have 
shown significant correlations between recovery from FV 
leukemia and various parameters of the FV-specific immune 
response. Tnese include: (i) CTL responses, (w) T cell prolif- 
erative responses, and (ill) production of virus-neutralizing 
antibodies. Subsequent investigations have established that 
each of these responses not only correlates with recovery but 
is also required. 

CTL, FV-specific CTL have been shown to recognize anti- 
gens in the context of both H-2D b and H-2D d molecules (39). 
The primary CTL response from FV-infccted recovering mice 
is directed against determinants) in the F-MuLV envelope 
protein (49, 50). A peptide from this protein has been de- 
scribed as an epitope for in vitro restimulatcd CTL (51). 
However, most primary CTL from infected mice do not 
recognize this epitope, and the major epitope recognized by 
CTL in recovering mice has not yet been identified CTL 
responses also are developed during the rejection of a trans- 
plantable Friend tumor celj line, but in contrast to infection 
with live virus, ihe predominant CTL response is against an 
epitope encoded by the viral gag gene (52-56). 

CD8+ CTL responses correlate with reduction of spleno- 
megaly in FV-tnfected animals (49) and probably act by direct 
killing of infected ceils. Tu the FV model, CTL are detectable 
by direct assays without in viiro stimulation. The in vivo 
importance of the CDS* T cell response has been demon- 
strated in resistant H-2^ b mice that were depleted of CD8 k 
cells before infection with FV. CDS depletion increases mor- 
tality by greater than 70% (49). 

T cell proliferation. The rapid development of CD4+ T cell 
proliferative responses correlates with recovery from a high 
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close inoculation of FV (39, 41, 45) (Table 1). The CD4 + T eell 
response is specific for determinants in the F-MuLV envelope 
proiem (45), and two T helper epitopes from the gp70 portion 
Of envelope have been described at the peptide level (48, 57). 
One peptide binds to H-2A b molecules and the other to H-2E 
molecules, thus providing Uganda for recognition by CD4 + T 
cells. FV-specific CD4+ T cells play a central role in FV 
immunity, providing immunological help for CTL (50, 58) and 
B cells (35) and maybe also providing direct antiviral activity. 
Abrogation of these functions by in vivo depletion of CD4 + 
cells significantly compromises recovery from FV infection 
(49). 

Cytokines. For some murine leukcrom viruses, type 1 T 
helper responses associated with specific cytokine profiles 
appear protective whereas type 2 responses do not (59). This 
issue lias not been thoroughly addressed in the FV system, but 
studies on specific cytokines have been done. One study 
demonstrates depressed IL-2 and rumor necrosis factor-oc 
levels in FV-inlected BALB/c mice (60). Furthermore, in vivo 
therapy with tumor necrosis factor-a has been shown to 
produce temporary regression of FV-induced splenomegaly. 
H ow ever, the mechanism may have been through inhibition of 
hem&iopoiesis rather than immunomodulation of FV-spccifiC 
responses (61). IL-6 and IFN7 levels are depressed in FV- 
infected DBA/2 mice, and therapy with a combination .of IFN7 
and lactoferrin increases natural killer (NK) cell activity and 
enhances survival (62). In other experiments, treatment of 
FV-infeCted mice with recombinant human IL-7 was shown to 
increase NK activity and produced long term survival in 20% 
Of the mice (63). Thus, a major role for cytokines in recovery 
from FV is likely, but the specific mediators have not yet been 
completely determined. However, requirements for both CTL 
and lgG class antibodies in recovery from FV infection suggest 
that cytokines associated with T H -1 or T H -0 type responses 
might correlate with recovery. 

Antibody and B cells. VkuS-neu trailing antibodies are 
required for recovery from FV infection, and their production 
is influenced by a non-MHC gene, Rfv-3 (Table 3). Rfv-3 S A 
mice have a stipprcsscd FV-specific antibody response, even in 
the presence of the proper MHC type (H-2 b ^) for virus- 
specific T Cell responsiveness. Of interest, Rfv-3 appears to 
affect only the FV-spccific antibody response and not respon- 
siveness to other antigens (64). Failure to mount a virus- 
neutralizing antibody response to FV infection increases mor- 
tality by 90% or greater (58). The Rfv-3 gene has been mapped 
to chromosome 15 of the mouse, unlinked to the MHC, Ig, or 
T cell receptor loci (65). However, genetic linkage to several 
cytokine receptor genes (IL-2Rb, IL-3Rbl, and IL-3Rb2) 
suggests possible candidates for Rfv-3. It is of obvious interest 
to elucidate the mechanism by which a retrovirus can specif- 
ically suppress the antibody responses directed against it. In 
addition to the production of virus-neutralizing antibodies, B 
cells also appear to have important roles in antigen presenta- 
tion and/or cytokine production. Both CD4 + and CD8 + T cell 
responses to FV-induced tumors are significantly reduced in B 
ccll-dcplctcd mice (66). 



Proc Na//. Acad. Sci. USA 94 (1997) 7813 

FV-Induccd Immunosuppression, FV suppresses both cel- 
lular and humoral immune responses in certain strains of mice 
(64, 67-70), and an important host gene has been mapped to 
H-2D (42). For example, H-2D d/d mice are susceptible to 
FV-induced immunosuppression, but H-2D b/b mice are resis- 
tant (Table 1). After FV infection in H-2D d / d mice, humoral 
immune responses to subsequent challenges with strong anti- 
gens such as sheep red blood cells arc suppressed (70). 
Responses to T-indcpendent antigens such us 2,4,6,- 
trinitrophenyl-Ficoll are affected as well, suggesting that 
immunosuppression need not act through decreased T cell 
help (64). The involvement of the H-2D region also suggests 
possible involvement of NK cells. Binding of the Ly-49A 
receptor on NK cells to H-2D d molecules can induce global 
down-regulation of NK cell-mediated killing (71), and de- 
creased NK activity has been associated with FV infection (63). 
FV-immunosuppressed mice also have been reported to have 
impaired antigen presentation by macrophages (72). Impor- 
tant to note, susceptibility to immunosuppression does not 
preclude successful treatment by immunotherapy (58) or pro- 
tection by vaccination (42). 

Immunotherapy. Strain A mice lack virus-specific antibody 
responses because of their Rfv-3 5/s type and fail to recover 
from FV infection. Immunotherapy using virus-neutralising 
mAbs is effective at reducing mortality by 80-100% in A.BY 
mice, even when treatments arc initiated as late as 10 days 
postinfection (5S). Successful therapy requires both CD4 + and 
CD8 + T cells because depletion of either subset abrogates 
recovery. In contrast to the success of therapy in A.BY mice, 
immunotherapy is ineffective in the MHC con genie A strain 
A/Wy (H-2*A Rtv-3* /5 ), which is highly susccplible to FV- 
induced immunosuppression. The cause of the failure of 
antibody therapy in A/Wy mice appears to be weak T cell 
responses, which develop with slow kinetics relative to the 
A.BY strain. However, therapy becomes highly successful in 
A/Wy mice when the virus inoculum is reduced 5-fold. The 
resultant slowing of virus spread during antibody therapy 
allows immune responses to develop before becoming over- 
whelmed with the viral load. Furthermore, the treated animals 
are Subsequently protected from a high dose challenge of virus. 
Thus, antibody therapy allows development of long term 
protective immunity. 

Vaccination. Experiments have shown that protection from 
FV infection can be elicited by several different types of 
vaccines including killed and attenuated viruses, viral proteins, 
peptides, and recombinant vaccinia vectors expressing FV 
genes (73-77). The study of vaccinated mice has allowed the 
identification of protective immunological epitopes and deter- 
mination Of the types of immunological responses necessary 
and/or sufficient for protection. 

Protective epitopes have been localized to F-MuLVgag and 
env proteins by using recombinant vaccinia viruses expressing 
these genes (74, 76). F-MuLV envelope protects against in- 
fection better than gag, so most work has concentraced on 
envelope. The gp70 envelope protein contains at least one 
CTL epitope (49), three T helper epitopes (48, 57), and two 
neutralizing antibody epitopes (78-80). The potency of the T 



Table 3. Recovery from FV induced leukemia is influenced by MHC genes (H-2) and Rfv-3 

D3y 30 postinfection* 

FV FV neutralizing Recovery from 
Mouse strain H-2 vircmia antibody FV leukemia 

A,BY ~~ ^ b/b s/s + - no 

(C57BL/10 X A.BY)F1 b/b s/t + yea 

A/WySn a/a S/S + no 

(B10.A x A/WySu)Fl a/a s/t - + no 

*A1I 0/ these mouse sixains have similar levels of vircraia at 10-14 days postinfection with FV. 
ts/r mice are similar 10 r/r mice in recovery from viremia and antibody production. 
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helper determinants has been demonstrated by successful 
vaccination with a small envelope peptide containing a T 
helper cell epitope (77). 

Protection from FV-induced disease in vaccinated mice 
correlates with antibody responses, CD4 + Tcell proliferative 
responses, and CD8 + CTL responses (74, 76, 81). Of interest, 
the requirement for CD 8**" T cells in protection is dependent 
on the number of T helper epitopes in the vaccine (50). Mice 
immunized with a recombinant vaccinia vector expressing 
the full length F-MuLV envelope protein containing multi- 
ple immunological epitopes require CD4 + T cells for pro- 
tection but not CD8+ T cells. However, if the number of 
immunological epitopes in the vaccine is reduced, CD8 + T 
cells as well as CD4 + T cells arc critical for protection. 
Surprisingly, CD8+ T cell epitopes are not necessary in the 
vaccine even when CD8 + T cells are required for protection. 
This paradox appears to be due to the ability of vaccine- 
primed CD4 + T cells to provide immunological help for 
CD8 *" T cells that are stimulated by the live vims challenge. 
Additional data also indicate thai the expression of multiple 
CD4 epitopes in the vaccine is more important than expres- 
sion of CDS epitopes (50). 

The method of immunization can dramatically alter the 
efficacy of vaccination, especially in terms of the ability to 
cross-protect different strains of mice. For example, immu- 
nization by tail scratch with recombinant vaccinia expressing 
the F-MuLV env protein protects mice but not MHC 

congenic mice (74) (Table 4). The nonresponsiveness 

of H-2* /a mice maps to the H-2A class II genes (42). On the 
other hand, when the same protein is biochemically purified 
and inoculated s.c, with complete Freund's adjuvant or 
synthetic adjuvants, both strains of mice are protected (61, 
82) (Table 4). Thus, there does not appear to be a compleie 
lack of envelope responsive immune cells in H-2 a/a mice, but 
their responsiveness is weak in the absence of adjuvant. 
Immunization with a live attenuated virus also protects mice 
of several MHC types, including H-2*/* mice (42, 74). The 
ability to protect regardless of MHC type correlates with 
induction of detectable, cell-mediated, and neutralizing an- 
tibody responses before challenge (74). Thus, the vims is 
faced wixh preexisting immunological effectors that can 
reduce the effective virus dose. 

Implications. In conclusion, the FV model hasyieided valuable 
in formation regarding genetic resistance to retroviral disease, but 
it is obvious that much remains to be discovered about the 
immunological mechanisms by which the genes impart their 
influence. Of particular interest are how the Rfv-3 gene causes 
susceptibility to suppression of the FV-specific antibody re- 
sponses, how class I MHC genes influence FV-specific CD4 + T 
cell proliferative responses, and how the H-2D gene influences 
virus-induced general immunosuppression. The elucidation of 
these mechanisms may aid in the development of immunotlier- 
apics and vaccines mat may be applicable to human diseases. 

Although results from FV studies cannot be dirccdy related 
to human infections such as HIV, consideration of human data 
in light of the FV results may lead to new imerpretations and 
even better designs for human experiments. For example, it is 



Table 4. Protection of mice with different MHC types using 
various vaccine* 





Protection from FV challenge after vaccination 


MHC 
genotype 


Vaccinia/FV FV envelope in 

env* adjuvants* FV-N* 


H-2V* 


+ + + 
+ + 



■Vaccinia recombinant expressing F-MuLV envelope (74). 
^Complete Freund's adjuvant or synthetic adjuvants (81, 82). 
+FV-N replicates poorly in Fv-1 V>» mice aju j acls as an attenuated Jive 
virus (74). 
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now known that both non-MHC (83-85) and MHC genes (86) 
influence the rate of HIV infection and progression to AIDS 
in humans. Furthermore, there is no reason to suspect that the 
immune responses required to deal with Hi V would be any less 
complex than those illustrated for FV in mice. Thus, by analogy 
with the results of FV immunotherapy, part of the reason for 
the failures of passive antibody therapies in AIDS patients may 
be related to the high virus loads and low T cell counts in the 
patients studied ($7-95). The FV results suggest That HIV 
immunotherapy might be more successful if initialed carry 
during the course of infection before virus-induced CD4+ T 
cell depletion- 

The best hope for controlling the worldwide pandemic of 
AIDS lies in development of an effective vaccine. One 
message that might be gleaned from the FV experiments is 
that a successful HIV vaccine would most likely be one that 
Stimulates multiple immune system components with a broad 
spectrum of antigens. Priming with multiple CD4 + T cell 
epiropes might be very important because of the central role 
these ceils play in amplifying both CTL and antibody re- 
sponses. One of the best FV vaccines is the live attenuated 
virus, and live attenuated viruses have been the most suc- 
cessful vaccines in the simian immunodeficiency virus model 
as well (18). However, there arc several concerns abour using 
such a vaccine for HIV in humans. These include reversion 
to virulence, insertional mutagenesis, recombination with 
endogenous retroviral sequences to produce new infectious 
viruses, and pathogenesis in immunocompromised hosts. 
Ideally, one might construct a live nonretroviral vector to 
deliver HIV antigens that would replicate for longer periods 
of time than recombinant vaccinia and still avoid The major 
drawbacks of retroviral vectors cited above. Continuous 
expression over a 2- to 3-week period would more closely 
mimic immunization by a live attenuated retrovirus and 
allow development of potent immune effectors. Optimal 
retroviral protection may require the presence of specific 
effectors raiher than just immunological memory, so further 
studies will be required to determine how such effectors can 
be persistently maintained. 
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Abstract: Since the discovery of simian immunodeficiency viruses (SIV) causing AlDS-like diseases In Asian macaques, 
non-human primates (NHP) have played an important role Id AIDS vaccina research. A multitude of vaccines and Immu- 
nization approaches have been evaluated, including Jive attenuated viruses, DNA vaccines, viral and bacterial vectors, 
subunit proteins, and combinations thereof. Depending on the particular vaccine.and model used, varying degrees of pro- 
tection hsrvc been achieved, including prevention of infection, reduction of viral bad, and amelioration of disease. In a 
few instances, potential safety concerns and vaccine* enhanced pathogenicity have also been noted in the past decade, so- 
phisticated methodologies have been developed to deCInc the mechanisms of protective immunity. However* a clear mad 
map fox HIV vaccine development has yet to emerge. This ia in part because of the intrinsic nature of die surrogate model 
and in part because of ihe improbability of itny single model (o fulJy capture che complex interactions of natural HIV In- 
fection in humans. The lack, oF standardization, the limited models available, and the Incomplete understanding of the im- 
munobiology oFNl-lP contribute to the difficulty to extrapolate findings from such mndel$ to HI V vaccine development. 
Until efficacy data become available from studies of parallel vaccine concepts (n humans and macaques* the predictive 
value of any NHP model remains unknown. Towards mis end, greater appreciation of tljo utility and limitation* of the 
NT1P model and further developments to better mimic HIV infection in humans will likely help (nform future AIDS vac* 
cine efforLg, 

Key Words; Non-human primates, live attenuated virus, prime-boost SHIV* HIV, SIV. 



INTRODUCTION 

Successful vaccines made to dace ere primarily against 
pathogens that can induce protective immunity as a result of 
natural exposure. Well known examples include smallpox, 
polio, and measles. Survivors of natural Infections develop 
life-long immunity against disease upon re-exposure. In fact, 
the observation that Immunity can be acquired as a, result of 
natural exposure formed the basis for die practice of active 
immunization, beginning with variolation In centuries past 
and continuing with vaccinations in modern history [1]. In 
the case of HW Infection, evidence for protective immunity 
acquired from natural infection is fHr from clear. Cytotoxic 
T-lymphacyre (CTL) responses have been implicated in the 
control of virus replication In the acute phase of HIV infec- 
tion [2,3]. Preservation of T-Iielper cell functions correlates 
with better clinical outcome [4,5], Substantial HTV-specific 
antibody and CTL responses can be generated by Infected 
individuals, but tbey are Ineffective in controlling infection, 
as escape variants eventually take over (6-8J. Significantly, 
CTL and proliferative and mucosal IgA responses have "been 
detected in rare cases of uninfected partners of infected Indi- 
viduals and multiply-exposed seronegative individuals [9- 
12]. Whetoer these responses account for the control of in- 
fection remains unclear. On the other hand, mere is mounting 
evidence for superinfection in HIV-positive individuals [IS- 
IS], indicating the absence of protective Immunity from 
natural exposure. Jn short, data available to date do not sup- 
port the notion of naturally acquired immunity against 

•Address correspondence lo th«M ttulhort irt tfao Dcpertmcnt of Phermacea- 
ticH and Washington Nation al Primal* Research Center, UMvanity of 
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HIV Infection and diseases, as has been observed in many 
vaccine-preventable diseases. 

So tar, the only direct erviden.ee supporting the feasibility 
of inducing protective immunity against primate lentivlruses 
has come from non-human primate (NHP) models. A num- 
ber of vaccine strategies and immunization approaches have 
shown protection against infection or diseases, Recent stud- 
ies have shed important insights on the potential correlates of 
protection, but also on the significant obstacles yet to be 
overcome. However, because of the complexity and limita- 
tions of the NHP modets, it remains difficult to extrapolate 
data from these models to inform the development of HIV 
vaccines. As a result, the utility of NHP models in HIV vac- 
cine development has boon debated. This article reviews 
some of the underlying issues and proposes potential direc- 
tions that may result in more effective use of NHP models 
for HIV vaccine research. The reader is referred to a number 
of excellent articles that provide a more in-depth review 
of the NHP models, summation of vaccine trials in NHP, 
and discussions on the pros and cons of specific vaccine 
approaches [{7-24; http://hJv-web.lanLgov/cgi-bin/vaccine/ 
public/index.cgi]. 

NON-HUMAN PRIMATE MODELS FOR AIDS 
HlV-1 and HXV-2 

The search for an animal model for AIDS started soon 
after the discovery of HIV- 1 as the otlologic agent. Alter et 
at. [25] reported seroconversion and transient lymphade- 
nopathy in chimpanzees inoculated with plasma from HIV- 
infected patience However, wUh the exception of a few iso- 

O 2005 BeathAitt Science Puplbhera Ltd. 
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laied cases resulting from serial passages [26,27], HIV in- 
fection in chimpanzees generally does not lead to AIDS. 
Evidence indicating chimpanzees being the natural host of an 
endemic virus SIVcpz, a likely predecessor of HIV-t [28], 
may explain the lack of pathogenic responses. In any case, 
the endangered species status of chimpanzees coupled wim 
restricted availability and high costs prohibit the general use 
of this animal model for AIDS research- 

HIV-1 infection in pig-tailed macaques was attempted in 
the early 1990's [29]. However, infection was transient and 
sporadic Even Chough serial passages In neonates resulted in 
enhanced replication and durable antibody responses, no 
evidence of CD4* T-cell depletion was observed [30]. Re- 
cently, several host restriction factors for HlV-1 replication 
have been identified. Macaque TRIM-Sot, a component of 
cytoplasmic bodies, blocks HIV-1 replication at a step after 
viral entry, prior to reverse transcription pi]. The action of 
APOBEC3G, a Single strand DNA-editing enzyme Inducing 
bypermutation and ONA degradation, can be counteracted 
by the viraj v(f gene product [32]* Further understanding of 
species-specific restriction factors and their interactions with 
viral protein targets may point to new approaches to adapt 
HTV-l for more efficient replication in macaques. 

HIV -2 is believed to have evolved as a result of cross- 
Species transmission of STVsmrn, a {antivirus endemic to 
some sooty mangabey populations in Western Africa [32]. 
Because of |t$ close relatedness to SlVemm, HIV-2 infection 
of MHP was explored as a model for AIDS, Early efforts 
resulted in mostly transient infections [34,35]. Upon repeated 
passages, several HJV-2 strains have been adapted In ba- 
boons [36,37] and pig^taifed macaques £38,39] that are capa- 
ble oF inducing persistent viremia, rapid CD4* T-cell decline, 
and AIDS. However, HIV-2 models have not been widely 
used for HTV vaccine research, perhaps in part because of 
their similarity to SlV and in part because of the fbcus on 
, Nevertheless, it should be noted that H1V-2 infection 
of baboons or pig-tailed macaques provides the only models 
for AIDS pathogenesis based on a virus of human origin, 
rather than SlV or SIV/HIV chimera, SH1V (see below). 
HIV-2 isolates, including HIV-2/287, can utJJIze CXCFU as 
the co-receptor [40-42], a feature shared with HIV-1, bur not 
with SiV. The basis for this difference is not known, but may 
be related to adaptation in humans. In this sense, 
models may provide unique advantages for vaccine and 
pathogenesis studies not previously appreciated. 

SIV and StV/mv Chimera 

SiV was isolated in the early 1980*$ from monkeys with 
AIDS-Hke diseases or lymphoma [2 J ,43-45], According to 
the species from which it was first isolated, it has been des- 
ignated SlVmac (from rhesus macaques), srvsmm (from 
sooty mangaboys), or SIVmne (from pig-tailed macaques, 
Macaco. nei>testrina)> These isolates share a common ances- 
tor,. SlVsmm, a virus that is endemic and genera] ly non- 
pathogenic in its natural hosts, sooty mangaboys [33], Ex- 
perimental Inoculation of SiV into a number of Asian ma- 
caque species, including rhesus, pig-tailed and cynomolgus 
monkeys, results in a spectrum of pathological responses 
similar to AIDS in humans. Because of its ability to cause 
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AIDS-Hke diseases in relatively accessible primate species, 
SrV infection of macaques has been ihe animal mode! of 
choice for AIDS vaccine research. 

Several key findings establish the similarities between 
SIV infection of macaques and HIV-1 infection of humans. 
Like most HlV-1 isolated from early Infection [46,47], the 
majority of SIV isolates examined to date utilize the CCR5 
coreceptor for viral entry [41,48-501- Infection by SIV is 
characterized by massive, rapid, and selective depletion of 
memory T cells in gut-associated lymphoid tissues, a finding 
later confirmed in HIV infection [51-56]. Both viruses repli- 
cate not only in activated and proliferating T cells, but also 
resting T cells [57]. Acute infection in HIV-1 and SIV mod- 
els resolves with the onset of antigen-specific immune re- 
sponses [2,3,58-61]. Both viruses utilize similar evasion lue- 
tics to escape from host immune responses, including modi- 
fication of gjycosylation patterns in viral envelope protein 
[62-65] and mutations in neutralization and CTL determi- 
nants 16,7,66]. Importantly, in both HIV and SIV Infections, 
plasma viral load after the acute phase ("viraJ setpoinf") pre- 
dicts the rapidity of disease progression [67-69]. Peripheral 
blood CD4 + T-celJ depletion often precedes the onset of 
AJDS-deflnlng events (e.g*« opportunistic infections, neo- 
plastic diseases; hematological and neurological disorders), 
although the duration of disease-free periods differs signifi- 
cantly between HfV-i -infected humans and siv-infected 
macaques (an average of 8*10 years for humans tw. 0.5-3 
years for macaques infected with the majority of pathogenic 
SIV strains). These features common between HIV and SlV 
infections define the unique advantage of the SIV model for 
the study of HIV pathogenesis. 

On the other hand, the SIV model also has a number of 
shortcomings. First, by its very nature, SIV infection of ma- 
caques only provides a "surrogate'* model for HIV infection. 
SIV shares approximately 80% genomic sequence homology 
with HIV-2, but only 40-50% with HIV-l [70]. Serological 
cross-reactivity between SIV and H1V*1 is limited [71]. Effi- 
cacy of HIV- leased vaccines, therefore, cannot be directly 
evaluated in the SIV model. Second, most of the commonly 
used SIV i&ofates have been multiply passaged in macaques 
to select for increased virulence and rapid disease progres- 
sion [23,72], The basis far the increased virulence is not 
clear, but is likely related to the accumulation of mutations in 
multiple regions of the viral genome (e.g., gag and env) and 
the acquisition of CTL-escape and neutral I zatlon-resistance 
phenotypes [7,G$,73]. Viruses with enhanced virulence may 
allow for a more rapid and uniform determination of chal- 
lenge outcome In vaccine studies with few animals. How- 
ever, the relevance of these viruses to HIV infection is not 
clear, and the reliance on these models for challenge studies 
may underestimate vaccine efficacy. Third, ihe choice of 
macaque species or genotype also needs to be considered. 
Using animals with defined genotypes, such as rhesus ma- 
caques with Mamu-*0l and -Mamu-B*17 major histocom- 
patibility complex (MHCT) I alleles, may provide a more unU 
form outcome man non-MHC-matched animals, but may 
also bias the result because the allele has been linked to bet- 
ter disease outcome after SlVmac239 infection [74,75]. In- 
fection in rhesus macaques of Chinese origin is characterized 
by lower viral load and less pronounced CD4* T cell depfe- 
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Hon than those of Indian origin [76-79]. Similarly, infection 
in cynomolgus macaques {Macaca fascicular^) appears to 
be less viTulent than inflection in Indian rhesus, with plasma 
viral loads more compatible with typical HIV infection In 
humans [80]. finally, differences between experimental in- 
oculation of animals and natural transmission in humans also 
need to be considered. Most, If not ai!, current models rely 
on the use of cell-free virus as inoculum. U is not clenr lo 
what extern this provides an adequate model for natural 
transmission, which likely involves both cell-free and "ceii- 
assoelated" viruses. The commonly used intravenous route 
of inoculation is highly reproducible and Is a reasonable 
mimic of blood-borne HIV transmission. However, other 
than experimental inoculation at mucosal sites (intrarectal, 
imravaginal, oral), there is currently no established macaque 
model for sexual transmission. Since vaccine Studies are 
usually limited by the availability of animals, mucosal in- 
oculations generally employ relatively high doses of cell-free 
virus inoculum to achieve uniform Infection. The relevance 
of such models has been debated, since natural sexual trans- 
mission through intact mucosa appears to be a low probabil- 
ity event [81 J. In this context, a low-dose, repeated mucosal 
exposure model may offer a useful alternative [82]. 

To address tho need for direct testing of HIV vaccines in 
an animal model, chimeric viruses were developed, in which 
the tat rev, vpu and env genes of HIV-l were Inserted into 
the genome of the pathogenic molecular clone of 
SIVmac239 [83-87]. Inoculation of macaques vyith these 
chimera resulted in persistent infection [55,87-89] and, upon 
serial in vh*o passages, rapid CD4* T-cell depiction, fol- 
lowed by AIDS-like diseases [90 k 9l]. SHIV shares many of 
the advantages of SIV macaque models. In addition, it allows 
direct testing of Env-bafled HIV- 1 vaccines. However, there 
are also significant differences between commonly used SIV 
and the SHIV strains. For example, infection of SHIV89.6P 
results in rapid depletion of peripheral blood CD4* T-cells 
(generally within 2-4 weeks) [91], in contrast to the gradual 
decline observed in most SIV and HIV-l Infections, 
SHIV89.6P utilizes CXCR4 for infection, unlike SIV and 
most HlV-1 early isolates, which utilize CCR5 [41]. The 
difference in co-receptor usage is reflected in target cell 
populations after infection and the disease course that fol- 
lows. Harouse et aU [92] observed that a CCR5-tropic virus, 
SHIV162?, caused a profound loss of CD4 + T-cells in the 
intestine, not in the periphery, whereas the opposite was ob- 
served for a CXCR4-tropie virus, SH1V33A, "Nishimura et 
al. [93] reported that a CXCR4-U5Uig SHIV, DH12R, targets 
narve T-eeJls, resulting in rapid CD4 + T-cell loss In the pe- 
riphery, whereas SlVmac239 primarily targets CCR5- 
expressing memory CD4 f T-cells. SHJV89.6P is also rela- 
tively sensitive to neutralizing antibodies [91,94], whereas 
SlVmac239 is highly resistant [95], Proper Interpretation of 
vaccine efficacy data will require in-depth understanding of 
the biological properties of The challenge models used [96]. 
Currently, there is only one established SHIV challenge 
model, SHIV162P, that is based on a CCR5-using virus. 
However, the significant variations m setpoint viral load, and 
the gradual and variable decline of CD4"* T-cells in the pe- 
riphery [97] make it difficult to rely on these parameters as 
indicators of vaccine protection. Obviously, further devel- 
opment and refinement of SHIV models are needed. 
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PROTECTIVE IMMUNITY AGAINST HlV/AIDS: 
INSIGHT FROM NHP STUDIES 

HHP models Have been used to evaluate the safety, im- 
munogenicity and protective eftlcaoy of multiple vaccine 
approaches. Perhaps one of the most important insights 
gained from thesa studies is the feasibility of immune pro- 
tection against primate lentivirus infection and disease. As it 
Is beyond The seope of this article to review all the vaccine 
approaches tested in NHP models, the discussion below will 
focus on those that have shown general applicability and 
proiecdve Immunity In multiple models. 

Live attenuated vaccine, as exemplified by n*/-de1eted 
mutant SIVmac23«Anef f has been shown to protect ngomst 
challenge by highly pathogenic cloned virus SIVmac239 r or 
uncloned SIVmac25l in rhesus macaques [98], Maximal 
protection was reached 6-10 months after vaccination, possi- 
bly due to the need for Immune responses to mature [99- 
101]. On the other hand, protection has also been observed in 
macaques as early as 21 days alter vaccination [102]. In this 
ease, protection did not correlate with any specific T-cell or 
antibody responses measured [1031. The potential role of 
viral Interference or competition for target sites needs to be 
examined. Efficacy of live attenuated vaccine appears to 
depend on the implicative capacity of the vaccine virus, as 
multiply deleted virus SlVmac239A3 [105,104], or tissue 
culture-passaged virus SIVmaclAll [1051, afforded only 
partial or little protection. It is also important to note that 
protection induced by live attenuated virus vaccine was pri- 
marily effective against the homologous vjms and Was Sig- 
nificantly reduced against a heterologous pathogenic virus, 
SIVsmEGGO [106], Furthermore* the live attenuated virus 
approach has been associated with significant safety con- 
cerns that are likely to preclude the development of similar 
HIV vaccines for the general population in the foreseeable 
future. StVmnc239Anef showed no attenuation in newborn 
macaques [107], Disease progression in adult macaques was 
delayed, but not abrogated [1 08- 1 10]. There are also iheo- 
retical risks associated with the ability of retroviruses to In- 
tegrate into the host chromosome [1 1 1]. Finally, without an 
appropriate animal model for HIV-l pathogenicity, it is dif- 
ficult to assess me safety of candidate live vaccines. Never- 
theless, live attenuated vaccines may serve as an excellent 
model to study HIV pathogenesis and connotates of protec- 
tion against primate lentfvJruses. 

The use of different vaccination approaches for priming 
and boosting ("P rml ^b oost ") was originally explored as a 
means to overcome anti-vector immunity elicited against the 
priming immunogen and to augment antigen-specific re- 
sponses by subunit protein boost [112,113]. This approach 
was found to enhance antigen -specific responses in mice, 
macaques, and humans primed with a recombinant vaccinia 
vims and boosted with recombinant HIV-l, envelope protein 
[112, 114-117]. Protective efficacy of this "prune-boo*^ 
approach was first demonstrated in a moderately pathogenic 
SIVmne model against both introvenous and mucosal Infec- 
tion 1114,117-119], Inclusion of multiple antigenic targets 
(e.g., envelope and core antigens) In the vaccine design 
augmented the breadth of protection against uncloned virus 
challenge [120]. A poxvirus and protein prime-boost regi- 
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men also protected against SH1V TUB challenge In pig-tolled 
macaques [121]. On the other hand, Giavedonf et qL [122] 
and Daniel et al. [123] reported that immunization with a 
similar prime-boost regimen resulted only in reduction of 
viral load in a minority of animals challenged with a highly 
pathogenic virus, SlVmac251, with no apparent benefit in 
disease outcome. Abimlku elaL [124] showed that macaques 
immunized with recombinant canarypox vaccines and 
boosted' with subunit HF\M proteins were partially protected 
against infection by a divergent but non-pathogen fa H1V-2. 
Hirsch et al. [125] showed thai immunization with a modi- 
fied vaccinia Ankara (MVA) expressing multiple SIV anti- 
gens followed with inactivated SIV failed to protect against 
infection by a more pathogenic challenge virus, SlVsmEfioO, 
but was able to reduce virus load resulting In prolonged dis- 
ease-free survival* It therefore appears that immune re- 
sponses elicited by these early attempts at virus vector 
priming and protein boosting were suboptimal, sufficient to 
protect against challenge virus of low pathogenicity, but 
failed to contain more robust ones. It is noteworthy that Pat- 
terson et al [126] achieved protection against mucosal chal- 
lenge by a highly pathogenic virus, S1Vmac2S J, using repli- 
cation-competent adenovirus for priming and subunit pro- 
teins for boosting. This result lends further support for the 
continued investigation of the vector-pro te In "prime-boost" 
strategy for immun izotlon. 

Other "prime-boost" Strategies have also been explored. 
In particular, DNA priming with recombinant vims boosting 
was found to elicit strong T-cell responses [127,128], Sig- 
nificant and sustained reduction of viraj load has been 
achieved by DNA/MVA prime-boost against CXCR4-using 
5HIV [129,130]. But its efficacy agqinst SI Vmac25t or 
S!Vmac239 challenge was much less impressive [131-133]. 
Similarly, replication-defective adenovirus vector, alone or 
as a booster to DNA priming, elicited robust T-eatl responses 
and significant reduction of viral load after SHIV89.6P 
challenge [134,133]. DNA prime with recombinant Sendal 
virus boost has protected cynomolgus macaques against 
SMIV89.6PD challenge (136,137). Protection by DNA prime 
and recombinant attenuated Listeria monocytogenes boost 
was recently reported [138]. The order of DNA versus re- 
combinant vector for priming or boosting was examined. 
Contrary to earlier observations of McMithael and col- 
leagues {127,128], priming by recombinant poxvirus fol- 
lowed by DNA boost is at least as effective as the reverse 
order for eliciting protectee Immunity [139]- Whether this 
difference relates to the properties of replication-competent 
vj. non-replicatlve poxvirus vectors remains unclear, Al- 
though fmrnunlty elicited by DNA alone is relatively weak, it 
potentiates responses to booster immunization by recombi- 
nant vectors [130,131,134,13^140]. In this sense, current 
methods of measuring immune responses may not be suffi- 
cient to fully reveal the action of priming. !n part because of 
die disappointing results obtained to date with DNA vaccines 
in humans and In part because of the need to circumvent 
anti-vector immunity elicited by priming vectors, increasing 
efforts have been focused on heterologous vectors for prime- 
boost. RemsbcTg etaU [141] reported that prime-boost with 
attenuated recombinant vesicular somatitis virus (VSV) and 
recombinant MVA elicited substantially better responses and 
protective immunity against SH1V89.6P challenge than re» 



pealed Immunizations with recombinant VSV of different 
serotypes. Triple combination prime-boost with DNA, re- 
combinant Semliki Forest virus and MVA vectors has also 
shown protective immunity in cynomolgus macaques against 
SIVmac251 [142]. Other heterologous vector prime-boost 
strategies are sum to follow [e.g., 143]. 

DNA priming followed by protein boosting has been 
found to be effective to induce antibody responses [144- 
147]. With the reemerging emphasis on vaccines that can 
elicit neutralizing antibodies, DNA-protein prime-boost is 
increasingly being used as a platform to evaluate novel anti- 
gen designs. Because protection against primate lenti viruses 
most likely will require both the humoral and cellular arms 
of host Immune responses, systematic evaluation of various 
prime-boost approaches appears to be necessary. So far, am- 
ple evidence has been accumulated supporting the notion 
that heterologous prime-boo^ approaches can elicit greater 
immune responses than single immunization modalities. 
However, the mechanism underlying such enhanced re- 
sponse is not well understood [13] ,148,149]. Detailed analy- 
sis of the role of innate Immunity and the development of 
adaptive responses by systematic and comparative prime- 
boost studies may help identify optimal approaches to en- 
hance protective immunity. Finally, even though prime-boost 
approaches have shown promise, they also have significant 
shortcomings, including the need to manufacture multiple 
vaccine components (usually on diverse technical platforms) 
and to comply with complex immunization schedules. As in 
all combination approaches, tile potential for Increased side 
effects also needs to be considered, 

Studies in NHP models have also helped define the cor- 
relates of protection against primate lent] viruses. The most 
definitive Information has been obtained from passive trans- 
fer of neutralizing antibodies. Early studies by Emini et aL 
[150] showed that neutralizing antibody directed to the V3 
loop of HIV- 1 protects chimpanzees against infection by a T- 
cell tine-adapted (TCLA) virus, HlV-1 IUB. However, the 
implication of this rinding for vaccine development has been 
debated because of the discovery that primary isolates of 
HIV-J differ significantly from TCLA viruses in their neu- 
tralization sensitivity [151,352] and the observation that the 
V3 loop sequence is highly variable, Nevertheless, results 
from a number of studies have firmly established that pas- 
sively transferred neutralizing antibodies, monoclonal or 
polyclonal, when present in sufficient quantity, can protect 
macaques against both CXCR4- and CCRS-using SHIV 
[153-158], So far, none of the vaccine approaches tested can 
elicit neutralizing antibody responses comparable with those 
needed to achieve protection in passive transfer studies [157, 
159], Therefore it remains a major goal in AIDS vaccine 
research to design immunogens that elicit robust and broadly 
neutralizing antibody responses. It is intriguing to note that 
passively transferred neutralizing antibodies given within 
24h post-infection can delay disease significantly [160] r It 
appears that the presence of neutralizing antibodies during 
acute viremla can accelerate the development of an effective 
humoral response. Several challenge studies have shown thai 
neutralizing antibody detection is accelerated in vaccinated 
macaques [139,161]. Therefore, fc U aloo important to ex- 
amine if sub-optimal neutralizing antibodies, together with 
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recall responses and eel! -mediate immunity elicited by ac- 
tive Immunization, will suffice to afford protection. 

Although the outbred nature of macaques limits the use 
of passive transfer experiments to demonstrate directly die 
role Of eell-mediaied Immunity in protection, it is clear that 
such responses are of critical importance. Selective depletion 
of T-cell subsets and correlative studies have established tha 
importance of antigen-specific CD4* and CDS* T cell re- 
sponses in control of virus replication [2,3,58-61.162]. How- 
ever, there is as yet no consensus on any single or combina- 
tion oF parameterCs) to measure T cell responses thai are pre- 
dictive of vaccine protection In NHP- Multiparametric analy- 
sis thai measures multiple phenotypic markers and functional 
response* [163] may be necessary. Furthermore, studies in 
NHP have also revealed the possible importance of balanced 
immune responses. Induction of antigen-s pacific CD4 re- 
sponses in the absence of functional CD8* responses has 
been suggested as the possible reason for the apparent en- 
hancement of Infection in immunized macaques after chal- 
lenge [164, ICS], CD8*mediated antiviral factors have been 
identified In HJV-1 -infected individuals and have been 
shown to be highly effective in blocking infection by pri- 
mary virus isolates [166], However, current knowledge is 
still insufficient to fully define the nature of the ami-viral 
activity and to determine if and how such responses can be 
elicited by vaccination. Jn this regard, studies of Innate re- 
sponses in the context of vaccination and challenge infection 
should receive greater attention. 

LIMITATIONS AND FUTURE DIRECTIONS 

Although substantial knowledge has been gained from 
NHP models, it is not necessarily straightforward to extend 
these findings to Inform HiV vaccine development. The 
controversy surrounding the failed efficacy trial of gp!20 
subunit protein vaccines may serve to illustrate this point. 
Since this vaccine has been shown to elicit neutralizing anti- 
bodies and protect chimpanzees against HtVM I1TB chal- 
lenge [167], the failure of this vaccine in human trials 
[168,169] has been viewed as evidence to invalidate NHP 
models. While this view may be justified as far as the HIV- 1 
IHB challenge model in chimpanzees is concerned, key 
findings from NHP models as a whole are remarkably con- 
sistent with the results from human trials. First, although 
gpl20~elicitcd antibodies neutralized TCLA viruses and 
other highly sensitive Isolates (e.g., HIV- 1 SF2), sera from 
immunized chimpanzees and humans failed to neutralize 
typical primary HlV-1 isolates [151,152]. In this sense, 
chimpanzees are suitable for immunogeriieity assessment, 
but not for challenge studies. Second, a simitar SI V envelope 
protein vaccine failed to elicit neutralization antibodies and 
to protect macaques against SIVmac251 Infection [122]. 
Thus, available data from both NHP models are consistent 
with the outcome of human efficacy trials. In other words, 
for a vaccine that bases its mode of action primarily on neu- 
tralizing antibodies, protection can be achieved if sufficient 
neutralising antibodies are present (as in HIV- 1 II LB infec- 
tion of chimpanzees), but not when they are lacking (as in 
SIV models and in humans). Proper interpretation of findings 
from NHP models therefore requires better understanding of 
the characteristics and the limitations of the models used. 
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As discussed in previous sections, a key limitation of the 
NHP model is its intrinsic nature as a surrogate model for 
HIV infection. SIV models do not allow direct testing of 
HTV vaccines. Currently available SHIV models do not ade- 
quately represent the spectrum of HIV genotypes and pne- 
retypes. In particular, very few CCR3-using and non*- 
subtype B SHIV are available as challenge stocks. Selection 
for increased virulence by serial passage in macaques may be 
useful for rapid and reliable read-out of challenge outcome, 
but may also result in nMsjudgment of vaccine efficacy. Re- 
cently, several host restriction factors for HIV- 1 replication 
in macaque cells have been identified [31,32]. If the nature 
of host restriction and the target sites on the virus can be 
Identified, it may be possible to introduce limited and spe- 
cific alterations in HRM, enabling it to replicate more effi- 
ciently in riuicaque cells and establish persistent Infection m 
vrvc/The availability of such challenge viruses may allow 
direct testing of HlV-1 vaccines in a more relevant model. 
Until then, currently available surrogate models are best 
suited for understanding the basic biology of immune pro- 
tection and testing of vaccine concepts, not necessarily vac- 
cine products ptr se» 

As illustrated by the example of gpl20 trials discussed 
above, another difficulty to extract information from NHP 
models is the seemingly contradictory findings from differ- 
ent models. Several factors may contribute to this. At the 
most basic level, there is a lack of comparability and stan- 
dardization of reagents, methods and challenge stocks, mak- 
ing it difficult to compare data from different vaccine stud- 
ies. Better standardization of reagents and comparability of 
experimental design is urgently needed and is only possible 
through a concerted effort On another level, the apparent 
dl$cordajice could be a reflection of the different properties 
of the challenge model used. For Instance, immune responses 
required for protection against a neutralization-sensitive vi- 
rus, such as SH1V89.6P, will most likely be different from 
that for a neutralization-resistant one, such as SIVmac239. 
Since HIV-1 infection in humans results in a wide spectrum 
of responses and outcomes, it is doubtful any single model 
will adequately recapitulate such complexity. Future efforts 
v/ill most likely rely on models that reflect the range of HIV- 
I Infection, in terms of viral genotype and phenotype, as well 
as the mode of transmission. Finally, intrinsic differences 
between NHP species and humans may also contribute to 
discordant findings. In addition to their varying susceptibility 
to virus infection, difrerem species may recognize Immuno- 
gens and respond to actfuvants differently. For example, spe- 
cies speciflolty of the adjuvant activities of bacterial 
Itpopolysaccharides and CpO oligonucleotides has been well 
recognized [170-172], Proper interpretation of discordant 
results from different species will require better understand- 
ing of the mechanisms of action of the immunogens and ad- 
juvants involved. 

The predictive value for any animal model depends on 
validating data from human trials. The lack of efficacy data 
from human vaccine trials to date makes it risky to select of 
any single NHP model to "rank-order" candidate vaccines 
for clinical development. On the other hand, it is not feasible 
and is scientifically unsound to screen all experimental vac- 
cines in early phase human trials. Judicious use of approprl- 
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ate NHP models wit) greatly accelerate AIDS vaccine devel- 
opment Towards this end, bettor understanding of the baste 
biology of NHP models, development of models that better 
reflect HTV in natural transmission, and greater emphasis on 
comparative and parallel-track studies in humans and NHP 
are critically needed. 
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AIDS Reviews 2005;T:67-83 

Antiretroviral^ gjEST 
a Valid Animal Model for Innovative Drug Efficacy 

and Pathogenesis Experiments 

- - • 

Abstract 

* -i -I...*.™ ™w„ models am used In HlV aAd AIDS rmMKfl. In contrast to H1V-1 Infection 
Several nonhuman primate moaais an iut» '"//'' "* ;„„ riniV ^Heiencv vims (SIV) Isootes results 

noSble In humans, but that *re often the most ^^V^^^^^^ 
oaLgenttl* and provide prvoWconcept for novel mtsrventfon *™^*'?J^ . 
JWfKnfc, nortumsn primate mod*!* played a relatively minor role In ^f^^^J^l 
JIS^gJ Durina the oast decade, however, the development of better vfrologtc and immunotogkt 

th*Z animal models mm practical for dru 9 studies, In peM* nonhuman 

Saved an important role In demonstrating: (I) preclinical efficacy of novel drugs audi a* J^fW 

Kl rfchempvphyfaxls, eedytkatmrt ,hfi vIrulsnce 

es during drug therapy. Comparison of results obtained In primate models with those f*™^? 
human studies Ml lead to further validation and Improvement of the** wmalmodd* » ™™Ef« 
wetWeeigned drug studies In nonhuman primates can continue to provide a solid scientific basis to 
advance our scientific knowledge and to guide future clinical trials. (AlPfl Havl*** 20te ; r:67-*3) 



Key words 

Macaque. Monkey. Prophylaxis* Chamotherapy. Resistance. 



Introduction: the need tor 
an appropriate animal mode) 

An Increasing arsenal af amJ*WV drugs Is currently 
being used, and many navel candidates are continu- 
ously being developed 1 . The main anli-HIV drugs that 
have bean approved or are bains developed target 
several Key steps or enzymes In the vira! replication 
cyde: attachment, fusion, reverse transcriptase (FIT), 



Corf aap oratory** to: 

Keen KA Vfcrt HofRpcy 

C&OTornia wattonji Prlmitt Rm«r«h Cww 

UnlVEiafty of C*Hlomta 
D«/WCAGS61fi. USA 



integraae or protease. During recent years, combina- 
tion therapy of these compounds, so-called highly ac- 
tive antireirovtral therapy (HAART), has led to major 
improvements In the clinical management of HIV-in- 
fected people*. Despite this considerable success, 
there is no reason for complacency as long-term ad- 
ministration of theae drugs is associated with prob- 
lems of cost toxicity, compliance, end drug resis- 
tance. Accordingly* the quest (or better antiviral drug 
regtmBns continues. The Weal antiviral drug regimen 
would be one that induces strong and persistent sup- 
pression ol virus replication, gives prolonged immuno- 
logic and clinical benefits without toxicity, can be ad- 
ministered at Infrequent dosage Intervals, is affordable 
end easy to store, and can thus benefit Ihe greatest 
number of HIV-infected people. Including thofca In de- 
veloping countries. 
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mans infection of macaques with virutent SIV or sroan- 
h urrwi immunodeficiency virus (SHIV) Isolate* resells in 
an accelerated course, as most animals develop clinical 

Inhibit virus replication to vfte are n^^r dev^ ^^^^^ allon w th virulent SIV 
oped (duo lo lack Of resources), or they fail m pre- 



Tha pipeline that new drug candidates need to cross 
between the firat demonstration of In vitro antiviral af- 
fects and approval for clinical use Is tedious, time- 



cynical teeing or clinical trials due to unfavorable phar- 
macokinetics, toxicity, or insufficient antiviral efficacy. 

A confounding obstacle in the drug development pro- 
cess is thai many drugs have already been approved 
for HIV-infected patients. It la considered unethical to 
treat "control* groups with anything lese than the cur- 
rently available "gold standard" of combination therapy. 
Therefore, the efficacy of new drugs 10 now often eval- 
uated by Including the compound as part of a combina- 
tion regimen, often In patients failing currently available 
KAART regimens, who may have existing drug-resis- 
tance mutations, low CD4+ cell counts, or poor adher- 
ence, Thus, Ihe response In such "worst-case scenario" 
patients may underestimate the potency of the drug for 
treatment-naive patients. These dilemmas underscore 
the need for an evaluation of the role of animal models 
In the drug development process. Appropriate animal 
models that allow rapid evaluation of the efficacy and 
toxicity of antiviral compounds can assist in sorting out 
those drugs which are promising and deserve to enter 
human clinical trials first, from those drugs that should 
probably be discarded 3 . 

While murine and feline models are appropriate for 
initial screening, further testing 19 best done in nonhuman 
primate models that better resemble HIV infection of hu- 
mans* Nonhuman primates are phytogenetlcalry ihe clos- 
est to humans. The similarities In physiology (including 
drug metabolism, placental fetal and Infant develop- 
ment, etc.) and Immunology allow a more reliable ex- 
trapolation of results obtained In primate models to clini- 
cal appDcattons for humans. While chimpanzees can be 
infected with HIV-1. this animal model Is not practical due 
to the tow availability, high price, low viral virulence, and 
ethical Issues 45 . Many nonhuman primate species In Af- 
rica are naturally infected with simian Immunodeficiency 
vims (SIV) strains; despite persistent higrHevel virus rep- 
lication, these natural hosts do not develop disease, pos- 
sibly because infection IB associated with little Immune 
activHtion 6 - 7 . In contrast however, infection of non-natural 
hosts, such as macaques, with virutent.StV Isolates re- 
sults in a disease which resembles human AIDS (Includ- 
ing generalized Immune activation, CD4+ T-cefl deple- 
tion, opportunistic infections, weight loss and wasting), 
and Ihe same laboratory markers can be used to monitor 
disease progression 9 . Compared to HIV infection of hu- 



born macaques following Inoculation 
strains is usually accelerated 9 ^. Ills Important, however, 



to remember that SIV or SHIV infection of macaques * 
not necessarily fatal, as there are many attenuated or 
nonpathogenic virus isolates which give transient or low- ■ 
level virefflfe, and stow or no disease. This wide spectrum 
of infection outcomes makes this model suitable to assess 
how genetic changes in the virus (e.g. drug-resistance 
mutations) affect viral virulence. 

Primate models are powerful tools In many areas ol HIV 
research, In addition to allowing Investigators to unravel 
virus-host Interactions during disease pathogenesis and 
to test vaccines*, macaques allow us lo model the differ- 
ent aspects of antiviral drug treatment, including pharma- 
cokinetics, toxicity, and antiviral efficacy. The balance 
among all these in vrVo Interactions (which Is Impossible 
to model accurately in vitro) determines the long-term 
clinical usefulness of the antiviral drug (Fig. 1). 

Besides being a test system for precfinlcal screening 
of novel drug regimens, an anima! model can also W 
used to test hypotheses that are difficult or Impossible 
to explore in humans. By manipulating certain variables 
(e.g. the initiation of drug treatment relative to virus in- 
oculation, duration of treatment, the age of the animals, 
the virulence and drug susceptibility of the virus inocu- 
lum, the stetus of the Immune system), investigators can 
design studiea to address very specific questions. As 
discussed further In this review, examples of this are 
studies focused on evaluating chemoprophylaxls. the in 
Vivo virulence and clinical Implications of drug-resistant 
viral mutants, and the role of antiviral Immune respons- 
es on antiviral drug efficacy. 

Macaque spades and virus isolates used 
in antiviral drug studies 

AnthHIV drug etudiea In macaques generally used 
rhesus macaques (Maosca mutaita) or cynomolgus 
macaques (M. Fasclcularia)". Tfte SIV isolates usually 
belonged to a few groups, In particular SIVmac, 
SrVsmm and SIVmne. Because the polymerase region 
of these SIV isolates has about 60% and 85% amino 
acid homology to HIV-1 and HlV-2, respectively, SIV Is 
susceptible to many of the same nuclooald© RT In- 
hibitors (NFTTI; e.g. zidovudine), nucleotide RT inhibi- 
tors (lenofovir, adafovJr), Integraae and protease Irv 
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hibitors 124 * Due to their CCR5 chemokina coreceptor 
usage. SIV Isolates are also susceptible to CCR5-tar- 
getlng entry inhlbitom". Some compounds, however, 
Including nonnucleoside RT Inhibitors (NNRTI) such as 
nevirapine and efavlrenz, are active only against HIV-1 
and not against HIV-2 or SIV 15 - The instruction of 
imectious SIV/H1V-1 chimeric viruses, in which the RT 
gene of SIV wsb replaced by Its counterpart of HIVM 
(so called RT-SHIV), has been proven useful to evalu- 
ate NNRTI in primate models 1 ** 3 . Other SH1V have 
been constructed and contain the envelope region (so 
called env-SHlV) or other genes of HIV-1. Many env- 
SHIV are attenuated- Most pathogenic env-SHIV such 
as SHIV-e9.6P, while useful to address specific ques- 
tions, have the limitation that their disease pathogen- 
esis (including CXCR4 coreceptor usage and very 
rapid CD4+ cell depletion) Is different from the typical 
course seen with HIV and SIV infection 2 ! Currently 
available CCRS-uslng env-SHIV (such as SHlV- 
SF162P) 25 have the limitation lhal, after the Initial peak 
of vlremla, many untreated animals are able to sup* 
press vlremla to undetectable levels; while these iso- 
lates are useful to test prophylactic or early post-Infec- 
tion Interventions, this large variability In chronic vlremla 
set-point and disease outcome makes them less prac- 
tical for testing antiviral drug efficacy during chronic 
infection, especially with limited animal availability. Ac- 



cordingly, SIV Is in general a more appropriate end 
practical model to test anli-HIV strategies 2 " 7 . 

Development of primate models: 
from initial obstacles to validation 

During the first deoade of the HIV pandemia, the role 
of nonhuman primate models in testing anfr+W drugs 
was rather limited. Allhough SIV Is susceptible to many 
antl+!IV drugs in vitro, many Initial drug studies In ma- 
caques were not very successful In demonstrating in 
vivo efficacy 3 - 2 ®. Several lactors are responsible for 
these observations. Most drugs that were available at 
that time had complicated dosage regtmena (e,g, a 
Short helWife necessitating frequant administration) or 
problems of toxicity and were thus not suitable for long- 
term administration, The time course of SIV disease 
progression In juvenile and adult macaques is highly 
variable as the asymptomatic period can range from 
months to years; it was therefore hard to determine 
whether a small difference In clinical outcome was due 
to host factors or to the drug treatment especially with 
only relatively smalt numbers of animals and short-term 
treatment regimens™. In retrospect, another Important 
reason for the poor efficacy results of the initial drug 
studies was mat at that time the role of antiviral immune 
responses In determining antiviral drug effioacy was not 
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recognized. Untreated macaques Infected with virulent 
isolates euoh as SIVmac25l have higher viremla, tower 
cell-mediated antiviral ImmunB responses, and a more 
rapid disease course lhan HIV-infected humans 30 . As 
discussed further In this review, an antiretroviral drug 
becomes less effective In suppressing viremla without 
the assistance of effective antiviral immune responses. 
Ae the drugs available at that time were not very potent 
In suppressing viremla in HIV-infected humans, it is now 
no surprise that they were : even less effective In sup- 
pressing viremia in immunodeficient SlV-infectsd ma- 
caques. Finally, sensitive assays to accurately quanth 
late viremla were not available at that time. 

Many of these problems have Seen solved In the past 
decade. Sensitive assays, similar to those used to mon- 
itor HIV infection of humans, have been developed to 
monitor virus replication In SIWnfErted macaques, In- 
cluding quantitative viral RNA assays* 1 * 3 . The develop- 
ment of a pediatric SIV model has also been very useful, 
as the more uniformly rapid disease course (~ 3 to 4 
months) observed In Infant mao&ques Infected with 
virulent SIV isolates permits evaluation of drug efficacy, 
Including viremla and disease-free survival, in a rela- 
tively short time 59 ^ 35 . Infant macaques are aba easier 
to handle for drug administration and require less drug, 
which is useful especially for compounds that are ini- 
tially very expensive to produce In- teat quantities. The 
first report on the RT inhibitor tenofovir (9-[2-(R)-(phosp 
honomethoxy)pmpyl]flden!ne; PMPA) In was a 
milestone in validating this animal model because it was 
the first compound found to be highly effective against 
SIV rnfection 34 ^. The strong therapeutic benefits ob- 
served with tenofovir In the monkey studies have been 
predictive of tenofovir's efficacy In HIV-infected humans, 
and have contributed to Its clinical development 37 * 9 . 
Altogether, these developments over the past decade 
have sparked further Interest in usfng nonhumsn pri- 
mate models for flntfratroviral drug studies. 

Drug studies in npnhuman primates; 
overview end lessons learned 

Pharmacokinetics and toxicity 

Macaques, which are similar in physiology and me- 
tabolism to humans, have been very useful for studying 
the toxicity and pharmacokinetics of antiviral drugs, 
including the effects of pregnancy and drug transfer 
across the placenta and into breast milk 40 ^ 8 . White 
most studies used shorMerm drug administration (in 
the order of days to weeks), studies wfth tenofovir have 
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also assessed the safety of prolonged treatment (> 1 
to 10 years), starting at birth and continuing throughout 
adulthood, Including pregnancy 47 . These studies found 
that prolonged dally treatment wtth a high dose of t* 
notovir resulted In a Fanconl-like syndrome (proximal 
renal tubular disorder) with bone pathology, whHe 
short-term administration of relatively high doses and 
prolonged low-dose regimens were safe 47 . Such long- 
term studies In primates ere very relevant as they 
mirnlc life-Jong treatment of HIV-infected humans. 

Prophylaxis: prevention of Infection 

Many studies In nonhuman primates have focused on 
investigating whether drug administration starting near 
the time of virus Inoculation could prevent Infection. 
Prevention of infection Is traditionally considered as the 
complete absence of any viral or immunologic evidence 
of Infection; however, the development of more sensitive 
techniques (including DNA PCR, viraJ RNA quantitation) 
has sometlmea resulted in transient detection of low- 
level signs of infection, usually within the first months ' 
after virus Inoculation 4 ** Accordingly, for the purposes 
of this review, prophylaxis is defined as "protection 
against persistant Infection*, with persistent Infection be- 
ing defined as "persistent viremla or persistently detect- 
able virus-specific Ihnmune responses'. 

A few studies In macaque models have evaluated 
the efficacy of antiviral compounds as topical microbi- 
cldes against mucosal Infection; topical high-dose ad* 
ministration of a number of compounds protected adult 
macaques against intravaginal or Intrarectal SIV or 
SHIV Infection at varying rales of efficacy*** 

Most studies have used systemic drug adrnjn&tration 
to try to prevent Infection. Early studies, which mostly 
used zidovudine (AZT) r were not very effective in pre- 
venting Infection, but a likely reason for this was the high 
dose of virus used in these experiments 57 - 61 . In subse- 
quent studies, when a lower dose of virus was used to 
inoculate animals, adrnmistralion of several drugs (includ- 
ing zidovudine, adefovlr (PMEA). tenofovir (PMPA) and 
3'-fluorothymJdine) starting prior to or at the time of virus 
Inoculation was able to prevent virus infection 4fl ' 49 ' aa ^- 
Very few compounds have been shown to prevent infec- 
tion When treatment was started after virus inoculation: 
i.e. tenofovir, BEA^005, and GW420B&T. A combination 
of the timing and duration of drug administration wag 
found to determine their success rate 21 -a* 53 - 7 *- 7 * Of these 
three compounds, tenofovir was effective following virus 
inoculation by different routes (Intravenous* oral* inim- 
vagjnal, intrarectal), and Is currenlry the only one Bp- 
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proved for therapeutic use in humans; BEA-005 and 
GW42QB67 are no longer In clinical development, 

The demonstration that antiviral drugs can prevent 
infection in macaques has provided a solid scientific 
rationale to administer anti-HIV drugs to Humans follow- 
ing exposure to HIV In several clinical settings. Antiviral 
drugs are now recommended, usually aa combination 
regimens, to prevent HIV Infection fotawtng oeoupa- 
lional exposure (e.g. needleslick accidents of health 
care workers) and ncivoccupatlonaJ exposure (e.g, sex 
or injection-drug use) 73 - 74 , Similarly to the animal studlBB 1 
transient vlremla has been described In some humans 
receiving postexposure prophylaxis 73 . 

Because an efficacious HIV vaccine has so far not 
been identified, tenofovlfs prophylactic success In the 
■ macaque models has sparked clinical trials to Investi- 
gate whether uninfected adult persons who engage In 
high-risk behavior will have a lower infection rate by 
tawng tenofovlr once dally. The ethical controversies 
surrounding these trials, which are being hetd at sev- 
eral miemationaj sites and target different high-risk 
populations, are reviewed elsewhere 78 . 

Antiviral drugs, especially zidovudine and nevlrap- 
ine, have playsd a very important role in the prevention 
of mother-to-lnfant transmission of HIV, including In 
developing countries 77 - 7 *. To countered potential prob- 
lems ol drug-resistance mutations that are Induced by 
the nevirapine regimen in women In developing courv 
tries* 6 , the promising data of a two-dose tenofovir 
regimen in the newborn macaque model**** have 
spurred interest to test the feasibility of a two-dose 
tenofovlr regimen to reduce perinatal HIV transmission 
(PACTG-394 and HPTN-057). 

Therapy: treatment ct infection 

Many studies in the macaque model have demon- 
strated that, even when infection was not prevented, 
early drug treatment delayed Of reduced the peak of 
acute vlremla that occurs during the first weeks or Infec- 
tion, enhanced antiviral immune responses, and delayed 
disease progresslon^ 19 ^- 29 ^ 7 - 5 ^ 0 ^^. These same 
benefits of early treatment have now been confirmed in 
human studies 86 -™. 

When macaques were started on short-term drug 
regimens during the stage of acute viremla, me outcome 
once treatment was withdrawn depended on the virus 
isolate. WHh pathogenic env-SHIV Isolates, short-term 
suppression- of acute viremia was usually effective to 
induce strong antiviral Immune responses that controlled 
virus replication and delayed disease for an extended 



time in the absence of drug treaiment 16 ^- 1 ". In contrast, 
with highly virulent SIV Isolates (such a?'9IVmac251), 
vlremia usuaHy increased again once short-term drug 
treatment was stopped, erimllarly to what Is observed in 
most HIV-infected humans 20 m«moi 

Macaque studies have also Investigated the effects of 
antiviral therapy on established, ohronlc SIV Infection 
(i.e. after the acute vlremia stage), and the often disap- 
pointing results have puzzled researchers for a long 
time. Initial studies with aidovudin* were not very sue- 
cessful In reducing vlremia once SIV infection was es- 
tablished** 2 ; 109 . As selection lor adovu^ne-reeistant 
viral mutants was slow 107 , these data are consistent with 
the relative weaKness of zidovudine monotherapy com- 
pared to newer compounds, Lamlvudlne (3TC) and em- 
MdtaMn (M-FTC) treatment of SMnacZSHnf acted 
Infant macaques also had little effect on vfrerrua and 
disease progression. However, there was rapid emer* 
ganoe of drug-resistant mutants with the M184V muta- 
tion in RT, suggesting that drug levers ware sufficient to 
inhibit replication of wild-type virus 108 - The CCR5 in- 
hibitor CMPD 167 reduced vlremia fourfold to 2QCHbld' 
In chronically SIV-infected macaques, but In some ani- 
mals this effect was transient 17 Similarly, efavirenz treat- 
ment led to reduced viremte In HT-SHJV Infected ani- 
mals, and selection for drug-resistant mutants led In 
some animals to viral rebound 23 . The integrase Inhibitor 
L-S70912 reduced vlremla In SHlV-S9,6P-fnfecied ma- 
caques if Initiated during early Infection (before CD4+ 
cell depletion)*. In most studies, tenofovlr has been 
highly effective to reduce established vlremia 34 ' 109 - 112 . 
During prolonged tenofovir therapy, the emergence of 
viral mutants with reduced in vitro susceptibility did not 
always lead to a rebound in viremla as some animals 
maintained low weme^ 13 . However, there have bean 
reports where tenofovlr therapy was not effective in sup- 
pressing vlremla deapHe the preaenoa of drug-suscep- 
tible virus at the onset of treatment 5 * 101 ' 10 * 112 ' 174 , sug- 
gesting mat antiviral drug therapy is more complex than 
just a matter of having sufficient drug levels and sus- 
ceptible virus. As discussed befow, a growing body of 
evidence obtained from monkey studies creates a pic- 
ture of drug therapy In which the efficacy of a drug 
regimen to reduce viremla is the combined result of 
several factors: (i) direct Inhibitory activity of lha drug[s) 
against ine virus, determined by' pharmacokinetic and 
pharmacodynamic factors: (II) drug resistance (includ- 
ing likelihood of emergence, level of reduced susceptk 
blllty, effect of mutations on viral replication fitness and 
virulence); and (iii) the status of the host Immune system 
(Including antiviral immune responses). Primate studies 
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have provided valuable Insights Into these Interactions. 
" — Tne demonstration of tenofovlr's antiviral efficacy in 
SIV-infeated macaques has sparked many other drug 
studies in iht3 animal model. Tenofovlr-contalnlng regi- 
mens have been used to gain a better understanding of 
disease pathogenesio and drug Iherepy, and to test 
additional intervention strategies. While SIV Infection 
leads to rapid depletion of CD4+ T-eete from gut-as- 
sociated lymphoid tissue (GALT) and gastrointestinal 
dysfunction 1 15017 f early tenofovir therapy was found to 
decrease mucosal virus levels and restore the CD4+ 
T-cetl population in GALT; this was associated with up- 
regulatton of growth factors and genes involved in repair 
end regeneration of the muoosal epithelium 11 * 118 . Com- 
bination treatment of SJV-infecied macaques with teno- 
fovir and two protease inhi Wtors (Indinavir and nelflnavlr) 
was found to improve Immune responses against other 
organisms such as mycobacterium' 20 . The macaque 
model has also been used to Investigate the viral reser- 
voirs during drug treatment SlV-tnfected pigtaDed ma- 
caques treated with tenofovlr and emtrteitabjne were 
found to have viral reservoirs In resting CD4+ T-lympho- 
cytes™. Similar to observations In humans, a combina- 
tion of tenofovlr, lamrvudlne, and Efavlrenz was also 
found to be very effective to suppress vlremfa In RT- 
SHIV Infected macaques, with no detectable emergence 
of drugnreslslant mutants during 'treatment 122 , 

A number of studies have combined antiviral drug 
treatment with other strategies aimed at enhancing anti- 
viral Immune responses, so that when drug treatment 
was stopped, viremla was controlled better. These Im- 
munolherapeutic strategies Include structured treatment 
interruption, the combination of antiviral therapy with ac- 
tive Immunization with or without cytokine administration, 
and Immune reconstftuBon via administration ol autolo- 
gous CD4+ T-calls collected prior to SIV infection 123 " 130 . 
A caveat In Interpreting tne data of several of these stud- 
ies, however, Is that the combination of e high dose of 
tenofovir. dfdanoslne, and hydroxyurea in macaques Is 
plagued by problems of pancreatic toxicity (probably 
due to didanosine), which sometimes results In Ufa- 
threatening diabetes (Including after drug withdrawal); 
ihe published reports do not discuss whether drug-re- 
lated toxfctty may have contributed to the mortality ob- 
served In some of these studies. 

The value of primate models In studying 
drug resistance 

Many Individuals do not show the desired strong and 
persistent suppression of viral replication during HAARfT. 



Although other factors, such as compliance and indi- 
vidual variability In pharmacokinetics, also contribute to 
reduced efficacy of HAART, a major limiting factor is the 
emergence of viral mutants with reduced in vitro suscep- 
tibility to antiviral drugs (so called "drug-resistant mu- 
tants') 7511 . Due to the high mutation rata of the virus. In- 
complete suppression of replfcaflon selects tor viral 
variants with mutations that allow better replication In the 
presence of drugs. The relationship, between drug ad- 
herence and the emergence of drug-resistant mutants is 
oomplex and seems to depend on the drug class 132 . 

While the correlation between specific mutations in 
the viral genome and In vitro reduced susceptibility has 
been well documented for most antiviral compounds, 
many unanswered questions remain regarding the ex- 
act clinical implications of these drug-resistant variants 
in vivo, and how to use this information to make treat- 
ment decisions. If drug resistance means that the drug 
is no longer effective, then It can just as well.be with- 
drawn: but If'there Is still a partial response, than it will 
be counterproductive to discontinue drug administra- 
tion unless baiter alternatives can be offered 133 - 135 . 
Many studies, Including those utilizing drug interrup- 
tions, have demonstrated that HAART can still have 
therapeutic virologic and/or immunologic benefits even 
In the presence of drug-resistant virus, and this may 
be due to some residual drug activity and/or the al- 
tered pathogenesis of drug-resistant variants 1 **- 145 . 
Tnus, It la Important to note that the terms 'drug resis- 
tance* and 'reduced Susceptibility" are In vftro mea- 
sures, and "drug resistance" does not necessarily Im- 
ply that drug effioacy is completely abolished in vfvo. 

An important question about mutants with reduced 
in vitro susceptibility to drugs concerns the repficatlve 
fitness and virulence of such mutants In comparison to 
wild-type virus. Because the mutations that reduce 
susceptibility an* al very low or undetectable frequen- 
cy in the absence of drug treatment, these mutations 
are expected to reduce the ability of the virus to repli- 
cate. However, primary drug-resistance mutations are 
often followed by compensatory mutations to Improve 
rspiicabve fitness. So what is the final resultf Are drug- 
resistant mutants attenuated in virulence (I.e. their abil- 
ity to cause disease) to auch extant that the purpose 
Of continuing drug therapy oould be to prevent rever- 
sion to the more virulent wild-type form? 

Studies measuring In vitro replication kinetics of 
drug-reslatant HIV mutants can never completely pre- 
dict their In vivo virulence. In vivo virulence Is deter- 
mined by complex pharmacologic, viral and host fac- 
tors (including many tissue- and cell-specific factors) 
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that are dinicult to mimic in vitro, such ag drug phar- 
macokinetics, primary and compensatory mutations 
(and their Impact on replication fitness, but also on 
immunogeniclty), cell tropism, and the complex role of 
the Immune system (which supports virus replication, 
but at the same time also tries to contain it). Studies in 
the SIV-macaque model have demonstrated repeat- 
edly that the correlation between fn vitro markers (viral 
replication fitness, cell tropism, and cytopalhogenlctty) 
and «? vivo measures (replication fitness, cell tropism, 
and virulence) Is often weak as virus Isolates that rep- 
licate well and ere very cytopalhogenfc in vitro can be 
severely attenuated or have a different cell tropism 
following Inoculation In macaques 1 ** 149 . Thus, the ex- 
trapolation of results from fn vitro growth kinetic studies 
to decisions affecting clinical management of HIV-in- 
fected patients should be performed with caution. 
Similarly, it has been difficult to correlate data of in 
vitro drug susceptibility assays (whloh can demon- 
strate small to large changes in susceptibility) with 
changes In antiviral efficacy to vm> 188 . 

Some Information regarding the relative replication fit- 
ness and stability of drug-resistant HIV mutants in vivo 
can be gathered from case reports, such as those doc- 
umenting primary Infection with drug-resistant Hiv-i ( as 
well as those monitoring the reversion of drug-resistant 
vims to wild-type following discontinuation of drug treat* 
ment 14 *' 151 ' 153 . An animal model, however, allows ap- 
proaches which are impossible fn humans, but which are 
the most direct ways to study the clinical implications of 
drug assistant virus; arwnats can be Inoculated wrth 
drug-resistant viral mutants or ttielr wild-type counter- 
parts, and their replication fitness and virulence can be 
compared In drug-treated versus untreated animals. 

Drug-resistanee studies In the macaque 
model 

Several methods have been used to gens/ate drug- 
resletant SIV variants in vitro, including selection through 
serial passage as well as site-directed mutagenesis of 
molecular dones a - 1SWS4 . Only a few studies have evalu- 
ated the emergence of drug-resistant viral mutants In 
treated macaques. Treatment of RT-SHJV Infected ma- 
caques with nevfraplna or efavlrenz gave rise to the emer- 
gence of mutations at codon 103 and 1B1 in RT, similar 
to observations In treated HlV-1 infected patients***. 

A zJdovucflne-treated SlVmac£51-infected macaque 
developed a gimamlne-to-malhionlne substitution at 
codon 151 of RT (Q151M), associated with high-level 
(> 100-fold) in vitro resistance to zidovudine 29 - 107 . In- 



oculation of the Q151M SIVmac isolate into naive new- 
born maoaques demonstrated that this 'mutation did 
not significantly reduce viral replication and viral viru- 
lence: the Q151M mutation (which is the result of two 
base changes) was also very stable in the absence of 
zidovudine treatment 107 . Ttifs Q151M mutation has not 
been found in HlV-1 Infected patients receiving zidovu- 
dine monotherapy, but has been found in HlV-1 In- 
fected patients receiving sequential- or combination 
therapy with dideoxynudeoside analogues 159 * 153 . How- 
ever, the Q151M mutation Is found frequently in HIV-2 
infected patients receiving NRTI therapy 157 '™. This lat- 
ter observation indicates that, due to much sequence 
homology, HIV-2 and SIV use similar mutational path- 
ways that are sometimes distinct from those of HIV-i. 

Treatment of SlV-infected Infant macaques with [am/- 
vudine (9TC) or emtricltabine ((->-FTC) gave rise to the 
emergence of viral mutants with the expected M184V 
mutation In ITT wlihin five weeks of treatment 10 . 9 . The 
cnnical implication of the M184V mutation was subse- 
quently Investigated by inoculating juvenile macaques 
with SIVmac239 clones having either wild-type se- 
quence or the M184V mutation fn RT (SJVmac239- 
1&4V). In comparison to wild-type virus, SlVmac239- 
184V was repficetlon-impalred, based on virus leveia 
one week after inoculation, and on the reversion of 
SlVmac239-184V to wild-type sequence fn untreated 
animals, However, this reduced replication fitness was 
not sufficient to affect viral virulence, as animals Inocu- 
lated with SIVmec23g-184V and treated with emtric- 
rtablne {to prevent reversion) had similar viremia from 
two weeks after infection onwards, and the disease 
course and survival was Indistinguishable from that of 
animals infected with wild-type virus 108 , in a different 
study, the M164V mutation did not revert in macaques 
Inoculated with SfVmao239 containing both the M184V 
and EB9G mutations; however, the M184V mutation fn 
that study was engineered with two base changes in 
codon 164 (Instead of the single base change that is 
normally seen during in vitro or in vivo selections)' 5 *. 

Long-term treatment of S!Vmac251 -Infected macaques 
wfth tenofow resulted in the emergence of virus with 
fivefold reduced In vftro susceptibility to tenofovrr, as- 
sociated with a lysine-to-arginine substitution at codon 
65 (K65R) of RT™ « Tenofovfr Also selects for the K65R 
mutation In HlV-1 RT 160 * 162 , The emergence of K65R In 
SIV was followed by additional RT mutations, which were 
Ifcely to be compensatory mutations 44 * The emergence 
and distribution of KS5R mutants is a complex process, 
with considerable variability among animals and among 
tissues 1 ". The SIV macaque model has provided tmpcr- 
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tant information regarding the clinical implications of 
>KB5R viral mutants during tenofovlr treatment, Although 
some SlVmac251 -infected animals show an increase In 
viremia following the emergence of K65R viral mutants, 
other animate continue to suppress viremia to low or 
undetectable levels for years (> 3 to 9 years) 3 *' 1 13itM - 
This success in persistently suppressing replication ol 
the highly virulent SIVmac25l isolate with tenofovir 
monotherapy te unprecedented in this animal mode! 2627 . 
To investigate whether this observation of suppressed 
viremia in same animals despite K65R virus was caused 
by an attenuating effect of the K65R mutation on viral 
replication fitness and virulence, two K65R SIV isolates 
were Inoculated into new animals. In the absence of 
tenofovlr treatment, the K65R SIV isolates were as fit and 
virulent as "Wild-type SlVmac251, based on ihetr ability 
to induce high viremia and rapid disease (s 4 months) 
in new/bom macaques 10 . However. In the presence of 
prolonged tenofovir treatment, the disease course was 
changed and two scenarios were possible: 0) K65R vi- 
remia was reduced and could become undetectable 
with prolonged disease-free survfva! (> gyears) 11 * 1 * 5 ; (H) 
viremia remained high (> 10 B to 10 7 RNA coplee/mL 
plasma), but with continued tenofovir treatment, eurvivaj 
was Increased significantly more than predicted based 
on Viral RNA levels end CD4+ T-cell counts? 5 ' 1 13 - 163 . Such 
findings have not been observed wilh other antiviral 
drugs in ihe SlV-macaque model, which suggests that 
tenofovir treatment may have rather unusual Interactions 
with the immune system. These observations instigated 
further In vtvo experiments that identified a major rote of 
the Immune system in determining the efficacy of antivi- 
ral drug therapy to reduce viremia 

The role of the Immune sy&tern 
on ihe efficacy of drug therapy 

vraf kinetics during drug therapy depend on viral 
replication fltnesa, drug susceptibility of the virus, and 
drug potency 16 *- 169 . When virus levels in pfasma are 
reduced rapidly following the onset of drug therapy, the 
antiviral drugs are lauded for their potency, white the 
role of antiviral immune responses during drug therapy 
Is [ess clear 1 **, in this context, one fs inclined to con- 
sider antiviral Immune responses mostly as a backup 
plan to try to contain viremia whenever drug treatment 

is withdrawn or if drug-resistant virus would emerge 1 " 
Recently, however, a growing body of evidence from 
human and pnmate studies suggests that antiviral im- 
mune responses play a previously unrecognized role 
during drug therapy, which merits proper cred- 
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Hi Drug studies In macaques have demon- 

strated the concept lhat the efficacy of antiviral drug 
therapy In reducing viremia Is not only determined by 
the intrinsic potency of the drug In directly inhibiting 
vims replication, but Is also strongly dependent on the 
status of the Immune system 10 - 35 - 113 . Iri other words, 
anliviraJ drugs require the assistance of immune re- 
sponses to reach full effectiveness In reducing vfrcmla, 
both at the onset of treatment when the virus has wild- 
lype susceptibility, as well as during prolonged treat- 
ment In the presence Of drug-resistant mutants 113 . 

Several key studies using experimental depletion of 
CD8+ cells in vivo (through administration of anti-CDS 
monoclonal anlTbody) are summarized in figure 2, and 
support the model shown in figure 3. When tenofovir 
treatment was started during acute viremia with wild* 
type S1Vmac2S1, the efficacy of tenofovir to suppress 
acute viremia with wild-type SIVmac251 was signifi- 
cantly reduced in the absence of CD9+ cells 1 w, .These 
observations Indicate that the otherwise rapid decline 
of productively infected cells (with halMrfe of - 1 to 2 
days) after the onset of drug therapy Is due to CD8+ 
cell-mediated killing or inhibition, rather than the natu- 
ral death rate (as determined by the cytopathogenlcfty 
of the virus) 113 . In this model of drug therapy (Fig. 3), 
CDB+ cell*medlated antiviral Immune responses con- 
tribute significantly to the antiviral effects of antl-HlV 
drugs, presumably by reducing the burst of virus rep- 
lication in productively infected cells via cytolytic or 
noncytorytio pathways. In the absence Of CD8+ cells, 
productively Infected cells had a long half-life, sug- 
gesting that virulent SIV, during concomitant tenofovir 
treatment, Is not as cytopathlc as expected 1 *. 

Even after the emergence of K85R SIV mutants, some 
tenofovir-treated animals were able to reach undetect- 
able viremia 34 -" 3 . A tempting explanation for this surpris- 
ing observation, especially if seen in lenofoviMreated 
hurnans, would be to ascribe ft to (i) a severe reduction 
in replication fitness caused by the K65R mutation 
(which, as discussed earlier, is not the case for K85R 
SIV isolates) 103 , anoVbr (U) sufficient residual Inhibitory 
effect of tenofovir against these viral mutants (wfth - 5- 
fofd reduced In vftro susceptibility). However, CDB+ cell- 
depletion experiments, which are not feasible m humans, 
revealed thai the suppressed vlremfa of K65R SJV mu- 
tants during prolonged tenofovir treatment of macaques 
was largely due to strong CD8+ cell-mediated antiviral 
immune responses because, in the absence of CDB+ 
ceils, (0 K6SR viral mutants were very replication-com- 
petent, and (D) tenofovir treatment alone was not suffi- 
cient to inhibit K65R SIV replication in vivo (Rg. 2) 113 . 
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Experiment 2 
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Figure 2, Jrra>crfarW 0/ CDflt cells tor the efficacy oftenolovfr treatment, summary of COdf osti-dBplatton experiments. A schematic almpBUca* 
Ban ct previously pvbteted data k presorted™. In Experiment t, animals warn inotVbiod wtih Mktiyp* virulent SiVmacS51 and stored on to- 
nofcvfr tftenw two iraote fa/er. WW/u irnteatrtwmwb hadpanhtentty high vtetnta (tar dwiw), art/maa started on ter^vlrtraatmani (dosed 
square) showed a rap» rsrftidfari vkernla (AX wan estimated half-ftf*. of productively Infected esUs on to 2 <fos ft fl a pfBsenrs of CPA- cafe, 
vtt me ensef o/ ienofewV treatment ens group (open sqiron and ciccie) was aho daphttd of CD$+ oaUs via aamjntstraBM el the frfrCDB fti&no- 
dona! antibody (cfrtSOT); in tte abaanca of csRs, tanefafrfmated antmals bad tittfe reduction In vtram/a (B), suggesting a batt-ft& of 
pmdu^vsfy Infected cells of 4 to $ days. When caBa baoama datectabtd, vbemJa wgb reduced mpkfy a haX-Rfo of 1 to 2 days (C). 
Duplta1h*9nT&!&rxeQiK658mitanbt^ 

vtramla after prolonged tanafom treatinenf™. In BtpeJiment 2, whan such chronteaSy tiaated anrtnaJa wens depleted of CDS*- csBs> vtemb of 
Mffivtoshcreasedtrsnau^ 

control vlmmja of K65B mutants toJta absence 0! CDS* cats, to Expartmant 3. when nmkmged tenoiovk tmatmont vm withdrawn, rtamb of 
KSSR vino increased sb^fy, demonstrating that C03+ ceV-maxBaied knmune responses alone ytetenolst^anlln maintain maxima! aupprBa- 
shaotvtem&Vnjs.tMtenefM 

was stS) wM-ype) 3* well as during pmhmgsd therapy (when win had reduced In Vitro evsrxpS^ty and the KB5R mutation toHty* 



Further experiments demonstrated that continued teno- 
fevir treatment was required to maintain suppression of 
K65R SfV replication because tenofovir withdrawal led to 
a slow increase in vlremla (Rg> 2) 1T3 > Thus, both tenofo- 
vir and effective CDB+ cells were required to maximally 
suppress replication of virulent virus In this animal mod- 
el Because the ant!<CD8 antibody depletes both 
CD8+CD3+ T-rymphocytes and CDB+C03- natural killer 
(NK) cells, the relative conbioution of these two cell 
populations and their antiviral effector mechanisms could 
not be Identified In these experiments 113 , These observa- 
tions of reduced vlremla or K65R 51V mutants associated 
with Improved antiviral immune responses In tenofovir- 
treated macaques are consistent with clinical observa- 
tions of strong antiviral immune responses In HAART- 
treated HIV-1 -infected people who have tow-level viramia 
with dnig-reslstant virus 14 * 16 *. Temporal variability in the 



strength of such immune responses may also be the 
direct cause of transient blips of vlremla that are ob- 
served In many HAAHT-treated individuate 16 *™. Antiviral 
immune responses may thus also play a role In determine 
Ing viral reservoirs In HAART-treated patients" 171 . 

As mentioned previously, tenofovir treatment Initiated 
during early stages of SIV Infection was usually very 
effective In reducing viremia. In contrast* several stud- 
ies documented that tenofovir therapy was not very 
effective In rapidly suppressing vlremla, despite the 
presence of drug -susceptible virus at the onset of 
treatment, especially when tenofovir therapy was start- 
ed later In infection, with more virulent Isolates, and In 
animals with high viremia and immunodefiden- 
e y35.TO!.iM t iia,iw t However, the rapid emergence of 
K65R vlrua that has been described In some of these 
studies is a reflection of strong selection pressure, and 
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Figure 3. Proposed medal of dwg and tmmune>madiaied effecte Ofl virus tepficBEcn. A: Without drug treatment, virulent virus can replicate 
to high Wen because of high infection h\R9 CfCDtt T-hetper cetts and ant~}Q6rhpr»scnttng calls whteh sra unabto to provide evfftdent as- 
$1$tence to CDB+ cslhrnedtiiid immuna responsaa to certain virua repfuxVon. & A potent drug regimen reduce* iha number of CD4+ r- 
hQtporcm end antigen-presenting esBs that become newty Infected, Potent CDS* celtmdlatBd frnmuna responses reduce the halHfo, end 
thus the burst site of vfrsi progeny, for thoaa t&Us that already b&CSme infected. The combined antiviral activities of drug and antiviral GD8+ 
. cells are vfQchwt to Induce and maintain tow vfremfa even after the errwgsnca of drug-imstatapf vital mutants (as shown for tonohvfrfn the 
macaque modaF a ). Cj During artificial CD3+ Cell depletion, productively Mected cells survive longer and produce more progeny vims, roeufr 
mg In higher vAwtrfe (tea at$o Fig. 2) in . D: During Immunodeficiency, the reduced function of enOgen presenting celts and CD4+ T-halpar 
cmVe results tn insufficient assistance Jo antiviral CDS* ceik to rzrnaJn active, especially at lower levels of viremia. Even when Inioction of 
new cells is reduced by an efficient drug regimen, the haRWa of the productively infected cells Is long, resulting In a sSovmr decrease cf 
vfremfa Without sutffdont Immune restoration, toe emergence of drug-resistant mutants is tikery to lead to a rebound tn viramta 1 **. 
Modified from leferanea 113. 



indicates efficient inhibition of wild-Type virus replica- 
tion by ihe tenofovir regimen 35 . An integrase Inhibitor 
was also found to bs less effective In reducing viremia 
when Initiated during late infection 16 . These data pro- 
vide further support for this model In which antiviral 
Immune responses assist antl-HIV drugs in reducing 
viremia. In the absence of effective anlfvfraJ Immune 
responses, antiviral drugs face a more daunting task 
to control viremia as already infected cells survive lon- 
ger and produce wore viral progeny (Fig. 3D) 3 * 1 * 
Because virulent SiV isolates induce Immune dysfunc- 
tion at many stages of the immune response (Including 
antigen presentation and CD4+ T-helper cell func- 
tion 172 ' 173 ), CDS+ cell-mediated Immune responses 
become Inactive at lower levels of antigen, and thus it 
is less likely thai viremia can be suppressed to low or 
undetectable levels, especially onca drug-resistant 
mutants emerge 17 * 17 * Tnls mooel in which both drugs 
and antiviral immune responses play a role In reducing 
viremia helps to explain the different patterns of viremia 
that are seen In drug-treated SIV-lnfecled macaques 
and HIV-infected Infants and aduits t77 « 17H , Several main 
scenarios of models of viremia during drug therapy are 



presented In figure 4, Note, however, thai an Individu- 
al's pattern may shift to another one based on chang- 
es In drug regimen, the potential of immune restoration 
(Including Increased potency of antiviral Immune re- 
sponses), and the acquisition of additional drug resis- 
tance mutations (whfch can affect virulence and repli- 
cation fitness). Even In an Individual host, pattern* of 
viral kinetics and turnover may vary among different 
tissues, based on b'ssue*specific differences in target 
celfs, drug levels, and antiviral immune-effector mech- 
anisms: this could explain observations of highly un- 
even distribution of SIV mutants In drug-treated ma- 
caques 114 . Such mechanisms of immune-mediated 
clearance of virus during drug therapy are probably 
not unique to lentivimses, as a similar correlation has 
been described between the status of the immune 
system and clearance of hepatitis B virus following 
lamrvudine treatment in patients with dual HIV and 
hepatitis B Infection 170 , Despite this recent progress in 
better appreciating the role of antiviral Immune re- 
sponses during drug therapy, we need to acknowl- 
edge the big gaps that still remain fn our knowledge 
of these antiviral immune responses. Direct In vivo ma- 
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tffl^rt cemWnticns of varfeWfe*, frjcfod&w the ste/tf/) of aoSWtf flwwne resxwsfi* tf» potancy cJ Uw anSvfml drug rerpmen egaM 
and to wufana end tepQcaton flmw otihtvtnrs. Tslndk&astte start cfdjuo treatment B fnfcates 
&nf mutants wtm sufficient mpflcatlon ftoe$5, wttto S indicates tfremla of wffrfypo vftva fi«Kw CruQ-ratblant mutants wft s^^ red^erf 
rod/fcatort flr*M0. Intermediate levels of vtmf fltnass are possible (not shwn}. TOient <t/Vf ftXteflW 4 />&A/y etfecllvB (single or combination) 
drug regimen that would compfetBty prevent Infection of now ceils. A: Without Affective snlM&t immune response and anttvtmt drugs (or in the 
prmrio* of totally Ineffective thervpy due to cotnpteta drug ra*1stanca)> vtnmto fi&mlrv perslataniiy high had leads 16 rsptd tiseasa. B: In the 
absence of anlhHlVdmg therapy, some IndhfitotiS CJ$ APfe to mount strong antiviral immune responses that hvtiaByconM w&rta.0Ut usually 
am tost (due to progressiva Immune ftsftmdkm and/or tha emergence of immune escape mutants)* C: Staring a potent drug rsgtoeo at A me 
et strong antique) teur^r^ 

even after em mergence of mplte£a>Bt drufrnisb&M virus (as observed in tanofavit-trEeisd SiV-infSctsdmec&}UO$ 11 ^ see F& & D: Starting 
drug treatment at a monsnt of partial Immunity fag, most HtWnfected patents m chronic Median) leads to a tint phase drapkJ decfae in 
vfrwnfc. toitowed by pnetea of dower decBne. Thesa phases, generally beBeved to reflect <te$nvt population* of fnfactad raw' 1 ", may atona* 
tlyttty 4,0 faSadanlMrai Immune responses ttat without sufSclant aastetsnca of nhfym>pnsm}8ng carts Of T-hetper cells, become less active 
at lower levels or antigen**. In tha absence ofsufBdeni Immune restontfah the emergence of otyiesisiant virus or withdrawal of drug treatment 
is tikety to lead to increased viremla. e Wtihcut otfactfva antMrst Immune responsas (e.g. 3IV- or SHlV-infected macaques *8t severe fmmv* 
oodefiGerKyy** 19 *,, treatment with on WflaurfW nWy potent divg does not result m rapid reduction in vuemia t despite the presence ofwSd^yoe 
vims, VJrrsmb can only continue to decrease a* the drug te 100% effective (noj&wtfnn Infection of rww celts and the ta is no emergence of drug- 
rassstant mutants. Fi With a padfatfy effective drug reghwi (or svbopUmat lewb ot a potent drug), the reduction In vSramta is BmHed because the 
native increase In C£Wf cett prov^jmore to^fce^AY^^ as a result, vtremta can stable el a lower level Because vrfdtype 

virus can sfllrepRcale (abell at reduced tev&a), the deletion of enj$<otieant mutants is dsteywj (e& zktowalrw**"*). 



nlpulailans of the Immune system (such as experimen- 
tal depletions), which are often the bast way to set a 
better undarstandtng of In vivo antiviral Immune mech- 
anisms, can be performed In animal models, but are 
usually not feasible In humans. Instead, the need to 
rely on fn vitro and ex vivo immune assays has the 



limitation that the currently available assays, especial- 
ly when performed on peripheral blood, are not able to 
accurately graop the variety, breadth, and strength of 
antiviral Immune-effector mechanisms that control virus 
replication in vivo, especially In the lymphoid tissues 
and at mucosal sites 1 
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It is important to note that the effect of antiviral Im- 
mune responses during drug therapy are not mutually 
exclusive of the effects of reduced replication fitness 
of mutant virus anchor residual drug activity, In par- 
ticular, ©van a relatively minor decrease in replication 
fitness, or a partial inhibition of virus replication by the 
drug regimen, can have a major impaot on viremia H II 
provides mora opportunity for effective antiviral Im- 
mune responses to kill productively infeoted cells prior 
to the mejor vlraJ buret. In contrast In the absence of 
effective antiviral immune response* (suoh as during 
late-stag© disease), a small difference in replication 
fitness may not translate Into any significant difference 
in viremia and clinical outcome 10 * 113 - 185 . 

As mentioned previously, a surprising observation 
was thai tenotevir-treated animals that maintained high 
viremia of K65R virus had prolonged disease-free sur- 
vival, significantly more than predicted based on viral 
RNA levels and CD4+ T-cell counts^ 1 ® Thla Improved 
survival despite high viremia was only observed in the 
presence of tanofovir treatment, and has so far not 
been described tor any other drugs In this animal 
model l07 - 10a . This prolonged survival despite high vire- 
mia In tenofovir-treated macaques is reminiscent of 
"discordant" or 'paradoxical" results that have been 
described En HAART-treated HIV-infected adults and 
children, especially with regimens containing protease 
Inhibitor©, In such dlseordant patients, there la Immu- 
nologic benefit (as measured by improved CD4+ T- 
lymphooyte counts and/or antigen-specific Immune 
responses) and clinical benefits despite vlroJoglc fall- 
ure i^T42 kM 4.i77.iBa-iaa i The available data suggest that 
a combination of factors plays a role In such discordant 
results, Including a decreased repllcative fitness and 
T-cell activating ability of the drug-resislant mu- 
lants 188 ' 133 ' 1 "' 14 * an-antl-apoptotlo effect of protease 
inhibitors that preserves CD4+ T*cells 18ff , improved vi- 
rus-specific cellular immunity 190 , and direct antimicro- 
bial properties of protease inhibitors 181 ^. Our study 
with tenofovlNreated SlV-lnfected macaques had the 
surprising finding that improved survival despite high 
viremia was. even observed In animals in the absence 
of a significant immunologic response (based on stan- 
dard immunologic parameters such as CD4+ T-ce|l 
counts and antibody responses to SiV and test anti- 
gens)^ 1 * 3 . Such clinical benefits would be difficult to 
detect in human studies as it requires years of follow- 
up, and without a good vlrologlo and Immunologic re- 
sponse, drug regimens would probably bo changed m 
the meantime. As discussed elsewhere, it is unclear 
whether this phenomenon of prolonged disease-free 



survival in lenofovir-treated macaques with high Vire- 
mia Is due to residual, antiviral activity of tanofovir 
against K65R virus In particular cell types (for example, 
antigen-presenting cells), potentially leading to relative , 
preservation of innate immunity, or due to immuno- 
modulatory affects that are Independent of Hs antiviral 
effects, but that may partially protect the immune sys- 
tem against the deleterious effects of persistent virus 
replication and/or Immune activation 35 . Tenofovir, which 
has many Immunomodulatory effects In murine mod-.. 
els 1M , primed rhesus macaque cells for increased Irv* 
terleukin*1Z secretion in vitro™. 

Such observations further highlight our relatively 
poor understanding of disease pathogenesis, and tha 
need for further research to unravel the complex inter- 
actions between vlraJ, host, and pharmacologic factors 
that determine (I) control of viruB replication, and (ii) 
overall clinical outcome. The data of Ihese macaque 
studies also suggest that the criteria for changing treat- 
ment regimens that were established with older drug 
regimens (based on correlations between viral RNA 
levels, CD4+ cell counts and disease progression) 
may have to be modified for regimens that include 
newer drugs (such as tenofovir). Please note, however, 
lhattenofovir-treated animals with high vl/emla, despite 
having improved survival, eventually still develop dis- 
ease. Thus, the ultimate goal of antiviral therapy re- 
mains to Inhibit virus replication maximally and restore 
the immune system, using reglmen9 that are feasible 
with regard to safety, cosL and adherence. 

Studies in SftMnfected macaques have shown that 
ornprovemeni of Immunologic control of viremia Is pos- 
sible with adoptive transfer of autologous antigervpre- 
senling cells, CD4+ T*helper cell^ or other immunizalion 
strategies 124 -! 30 - 1 * Tfta studies with tenofcvfr in ma- 
oaques have proven the concept that the combination 
of a potent drug regimen and good entMral immune re- 
sponses Is able to induce long-term suppression of vire- 
mia and prolonged diseasa-free survival (> 3 to 9 years), 
even in the presence of mutants with reduced drug sus- 
ceptibility 113 - Accordingly, these primate studies provide 
a strong scientific rationale to explore other strategies to 
boost or restore antiviral immune responses during anfr 
viral therapy. The demonstration (n SlV-lnfected ma- 
caques that antiviral immune responses already contrib- 
ute significantly to raploty reducing vtremta immediately 
after the onset of drug therapy (Fig. 2) provides the 
scientific impetus lo also explore the feasibility of starling 
rrnrnunoiherapautle strategies near tc or simultaneously 
with the onset of antiviral drug therapy, instead of waiting 
until viremia has reached lower levels. 
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Concluslpns 

The development ol better reagents and more sensi- 
tive virologic and immunologic assays, the discovery of 
mora potent druo$. Bnd a better understanding of die- 
ease palhoganetfs have made nonhuman primate mod- 
els a more practical and adaptable system (i) to rapidly 
evaluate novel prophylactic and therapeutic drug strate- 
gies, and 00 to test trypoUtaeos that cannot be m Fmlcked 
appropriately by In vitro experiment and are difficult to 
explore in humans. The comparison and correlation of 
results obtained In monkey and human studies is leading 
to a growing validation and recognition of the relevance 
of thte animal model. Although each animal mode! has 
Its limitations, carefully designed drug studies in nonhu- 
man primates can continue to advance our scientific 
knowledge and guide future clinlcat trials. 

Acknowledgments 

The author wishes to thank Dr. M. Marthas and E. 
Blackwood for critical reading of, and helpful sugges- 
tions to the manuscript 

References 

and aptfaachis. tnt J fiiochem Cell Btol 200436:1 e0o-2£ 

2. Sabfi C, HI T, Lampe F, el at Trealmam exhaustion or hiQhiy tfisVa 
amharovtra] therapy (WAART) among IndMefcate Infected wBh HIV in 
lha United Kingdom: mumee/itr* cohort slimy Br Med J 2005; 
d*1D.113Q/bml JB369.6e9Q50.HF (puttKhed 4 March 2QQ5). 

3, Van Rompfly K, Marthas M Norvhurnen prorata medals for testing 
anll-HIV drugs; in: J. Kroder, R. Unger and PDfibfiamflfrVtergrram» 
eatere. AmMrrfe ogatat AJPS* HwYcfc Ma*d Dflktar, tat: £000. 
P.2S5-320. 

4, NftU^B.SctMiiareil^B^J.tliBoWriloariZflo end other rtrvhu- 
man-plmate rtV5dete h HJV-1 vaccina research- Trends MteroWoI 
2DCD;B:42ft-31. 

5. Novembre F, Saucior M, Anderson D, ft at Oevabprnanr. of AIDS 
m a, ohlmaanzee Intend wHh HIV. J Virol 1997:71:400^1. 

6, ffl^&trj S. Sodora D, Koup B, el at N*^1hogsnta SIV infection 0/ 
Sooty MangaUeyfi Is diaractertzed by frnfled bystander Immunopa- 
inology despite chronic rtip>tevel sdremia. immunity 200^111-20, 

7. Stvastrl G, F&d&nov A. Banian S, 61 at Wvaroeni host responses 
during primary sWan hnnunodBficioncy virus SJVsm kifedlon ct 
natural sooty mangabey and ngnnalurAl rftosuc macaque hasta. J 
Virol 2006<,7e:4M3.S4, 

0. Haywood n. predictive vnluo of primal© models for AIDS. AIDS 
Rev 2QMifi;l67«9Q. 

9. Bohm fl, fctertin U Davisoivfairburn B t et 61. Neonatal disease in- 
duced by 5JV olfaction ol the rhesus monKey (Maoaca mulafla). 
AIDS Rbs HurnRetrovIru&ea 1993^:1 131-7. 

ID. MorthAA M. Van flompay K, Ouyute w, et al. Viral Factors determine 
prQ&$s&ai\ la AIDS In elmtan frnrnunadafictency vl/ua-rnfectcd ne*<- 
bofft rhesus maenqusa. 4 Virol 1985:63:4158*205, 

11. Cartsscn H,5chap!rt> S. Ferah L et al. Una of primaias In research: 
a global overview. Am J FVmnafiol 2004:63:225-37. 

ia om^i^ r. ti«i Bimi*n ifnmunedonotoncy vVugoa, Ann Wtv im- 
munol 1B90; 0.-557-75. 



* Black P. Down, M, UWb M, « ^t!^^^^^^ 

a Jlrvsl SIV end HIV. Ann NY Acad ^J^l^f,. ^ 

jflvnunodeficiancy virus lo proiaaao InhlbUora- Arrt!m»crob Agente 
Oian»^sr 20O3;47:176&a. rf 
16. Ha^^ Di Young S, Suar^J, ^ al ^^"^^^r 

edca 200^305^28-32. 
17 Ve^aWasSOP.KeiasTtOttlUseoraOTallrnofsajle^ 

Inhibitor in macaquea to treat sdnroan pwnunodeRciflhoy yfiul nw> 
tion or prevent s&n'ian^uman Immunodallolancy infectioft. J 

Ifl. De Cteioq £ HW Infitoifera largeied at ihe ravaniB tran*criptasa. 
AIDS Res Hum RQUovtmaoa 16&2^;11^ 

19 Obarla K Siahi-Henn^ C. DoWgar D, et at. Ansnal model for Wo 
tharapy of acquired rmrtunodefidewy syndroms «Hln ravafsa Iran- 
ecripiasa fntflqltori. Proo N«U Acad Scl USA 1B95;9^921CW. 

ax BthvVi J, De tooq E. CftaJa K S(VAW-1 h^rtd vhus «P^*p 
^ho r«vW transerfp(33e gene of HV-1 remains sensWva to 
mqcSCc rwaree tmnacrlplasa fnhibiuwa after peBWQa m rHasua 
caques. J Acqulr Immuna Dario Syndr Human RatowW 1697:15; k 

21. Mori K, YasomoB Y. Sawada S» el 4. Suppress^ <* ^ v^™* 
by ahort'tflrra poatexpoeura praphytaxia <rl dntoVfiurren anmuno- 
defictency vns fiHrv-RMnfected monkeys win * riova f©vef«9 
transcriplase Wiiaiiof (GW420867) allows for dflvnloornafil of po- 
tent artfvfral Imrnma nMpansas resufljng on efltelsnLconlajnmant of 
WecBon, J Vnol 2000:745747-53. 

22. Zuber Bi Wftv D - BflnWn fl» at aLAnhvtvo model tof KW raais- 
tanea devek)pmern. AIDS Res Hum fleMrfrusas 20O1;17£3i-5. 

23. HofmW M, HlflSJTW J, MaffliHWS T, « 01, clovtm^ th^pr Vi mefliB 
mscao^fi Wadfld wWl B cNmsra of slrrfan VmuiriodefiDency virus 
coniafrJng reverse Iranecrtptase from HIV type 1. AnUmteroo Agents 
Oemoam 2D04;46634a3-oa 

a. Nfetftinura Y ( Iflafa^ T, Donau O, $!• MgW/ pathogenic SHIVe snri SJVs 
brfigt drTaram C04+ T col lubsets In rhesus rnc^A explato^ Cxir 
ol^rgertcrtc^ courses. ProC Nail Acad Sd USA aXM,iai:l2324-Q. 

£5. Harouse J. Qektta A, Tan R, et al. Ks^nd pathogenic seqve!a in 
fheflus macaques inffldad wilh OCRS Of CXCR4 Hiking SHW*. 
Sdenca 1909:264*16-9, 

26. Fetnteg M, Wxt^ J- AIDS vacdne modete: chaCsngtng cnsJtertBfl 
vfruMi, Kaiuia Wed 2Qoz^a07-ia 

27. Lifson J, Martin M. On© clap forwards, one slep back. Nature 
2Q02}4l5:Z72-3. 

2fi. Van Rompay K, Singh R. Marthas M. SlV as a modn! for AIDS dag 
Studias: Lc W. Bent&neffi, S. C Specter and H. Friedman, oditora, 
AmmaJ mocoll cf HIV dlseaaa and oontrd. Naw York: Khwa/ Aca- 
deraWPiaMfn Publishers; 2005; in press. 

29. Ven Rompay OteyiJla M t Marthas M. at aL ImmeoTale zidovudine 
treatment protecte ahmlan Imrnunodetloertcy virus-Wacted nesvbom 
mscequoa against rapid onset of AIDS. Anllmferob Aojarta Che* 

mother 1905:39:125-31, 

30. McChesnay H SewaJ E. M3ler a Simian Irrwunodi^dency virus: 
In: R. Ahmad and L Chan, editor* Peratetenl viral infections. New 
yorfe John Wttoy i Sons, Ud| 1690- p. 322-4$. 

31. W&ioneMC,BooUi4.Si^anP l elal.SIV4Apertom^^ 
ttfctSca of an exceptionally sensHrvo, quantiailVB assay lor SIV RNA 
using branched DMA tachnoiogy. 20th Annual SvmpoBlum Oft Won hu- 
man Prtmate Wodab tor AIDS. 2C02, Monterey, CA. Abslred 135. 

32. Uf con J, rVowaJc M. Qoldatein S, et al. The extent of early viral 
repnoauon b a critical deiarrotent or (no naiural history of simian 
immunodeficiency virus infection. J Virol 1997:71 £503-14. 

33. Luutanogper C, Higgfn* J, MattHMa et aL RaaMIrna Teqrnan 
PCF) as a speolflQ and more aenciiivo aftemaUvo to the branched* 
chafn' DNA aesay for quantitation of sanbn irnniinodfifidancy vfrus 
RKa. AIDS Res Hum Retroviruses 2001; 17:^51. 

34. Van flompay K. Chemnoton J, Marthaa M. et aL &^<PhOflphono 
malhoxyJpropy1]a<lerA» therapy of eBtebllBhad simian irr^rnode- 



79 



Material may be proieded by copyright law (Title 17. U.S. Code) 



PAGE 95/1 17 1 RCVD AT 6J8/2006 3:20:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/18* DNIS:2738300 * CSID:514 286 5474 * DURATION (mm-ss):5644 



06/08 /06 15:13 FAX 514 286 5474 

450-688-3138 



0G/06/2006 13:37 



OGILVY RENAULT 

REPLICOR INC 



E1096 
PAGE 15 



AIDS Reviswa 2005;7 



Money vm* infection In Went rhasue macaque*. Antlmfcrob 

J A*M*rf immune DetoSyn* 8™^* 
36, TsaiC, MUa K. Beck T. « * **^on 
dency wirus Wecian * macaques by 
mQadeUM (PMPA). Stance 1695:27011 197-9, 

I^Im ^ WWvlral activity or irrfnrveriou* ^^^m^pb^e 

adSTAnftnlcroh Agents Chemother 1998*22380^. 

39 ES^SnwP, D**ka S. Co*** \ et al. Phase ' ^ «* *■ 
^J^e^cs satety. and ardretrtMrad activity of rairfmrtr d^- 
puHtaaa* in rflV-1 Jnfocted adults. AntlmlcrOO Agenis Che- 

90. ffi^S^Myere R> OtaLTenoJovlr iFtafttfi^l* 
experienced paUenhj; results from a4&weeX, randomized, aouae* 
bCnd BhJdy- AIDS 20O2:l&t2S7-63. _ 

40 Ha J, HaaWseh C. Conrad 8, et al FeUl toxicity of zrfovudin© 
. ' (azldaUrymldlnfl) In moofioa namesirira: prefmlnary obgervaUons. 

j Acquired Inrnufta DeGc Syndf 1994;7:154-7- 

41 LnfiGZ-Anaya A- Unarfcal J, Schumann L elaJ- F^finTiacoJanetlos 
ol 2idovixSno CAiidolhymldlne). HI. effect of preonancy. J At^f 

it OdJnecesA Perelra C, Nosbisch C. ei a). Pranalat and postpartum 
dharmaooXinato or rtavudirw tp2-aa&*r^4anfi^^) 
and dMraalne (dkteoxylnoslne) In pffllaited mooou** (Maoaca 
pemesmna). AnfrnJcrao Agar** Chemother 1998.40:242^ 

43 Pereira C, Noflbkeh C, Bauflhman W. el al. Effect ol ridovudro 
' on transplacental oharmaeoklneiica of ddl In the plgtallad ma- 
caque (Macaca nemesirma^ Anfimtaob Aoervia Chemother 1995; 
39-343-5. 

44, Ravaaco ». Unadtail J. Tsal C. ei aL nwaccHrveflos ol dWeo*y- 
IrwTg wi pealed macaques (Macsca neme&oina) after inlrev^ 
nova and subcutaneous BdrniriElralioh* J Acquired Immune Dafid 

45l Tmttand T. Nosbisch C, Baunjrnan W. at al Mechanism end rata 
of placental transfer of xfilcitab'ma- (Z^r - rjdeorycytkflne) tn Ma* 
oaca rarostrlna. Aw 4 Otew Gynecol 1S9B: 174S5&€3. 

49, Von RompayK. HamPton M, K«amwy 6,^ aL PnamTaooWnctoa 
tenofaVir In breast rrffc of laoUtlna rhesus macaques. Amhtoob 
Agents Ovemomar 200S;49:20934 . 

47» Ven Rompey K. Brtgnoto L, Meyer D ? fit al. Biological erfaot* 
enorHarm and prolonQfld adminislmaon 01 B-t2 (phoaphonomeihO 
xyteropMledanlfta (PMPA; tenotonr) to newborn and inlaw rheauo 
macaques. Anfimlcrorj Agenis gtiamCrtVw 3664:48:1 46^B7- 

^a. Grab P, C«J Y, Muchmcre E. etaL ProprM^ agalnsl HlV-1 Wao- 
tion In cWmpeitzfiAfl by nevlfaprne, a nrfinuoleoUda Inhibitor of 
rem transcripts** rOOhjr* Mad 1M7;a66&-70- 

49. Van Rcmpay K. McOwney M. Aguirra N. at al. Two low do** of 
lanoTo^fr prelecl newborn macaques against oral slm«n irnrmirw 
dflfjclancy ^rus Wectfon. J Infed DIs Z00lj1fl4:42&«3B. 

50, mor C, PtosGnberg Z, Blsct^ercer N. Use d &flpfcat PMPA lo tvevm 
vag-mal iranarrittton of SN. Wnlh Intemafignai Ccnference on AnfiyEral 
Heaearorv 1995. Futojenima. May 1^24. . 

$1. Manual K. Vfyand M, Millar c, at al. Effect oT a «Uvte« eoetate 
pMatete topical craam on vatf nal iranjmJaabi of ateto Immuno- 
daftdency vlma tn rhesus monXeya. Anlrnlcrob Aoante ChanKHher 
2nrjO;44aW-aDZ. f l 

52. Weber J. Nunn A, O^onnor T. gt al, *Chsnlcat condoma' for iha 
prevert3fln of HIV infection; evaitiation of novaJ agema egeinel 
SH1V99-BPO tn vitro and tn vfVa AIDS 2001 {15:1 683 -S. 

53. Udorman M. Veaaay R ( afford R. et at Prevention ol vaginal BHIV 
transmlssfan in rbaaus macaques through tnhibiOon cf CCR5. Sd- 
enqe 2O04f3Ofl:4B5-7, 

54. Tsal C, &naji P. Jiang V, el al. Cyenovirin-N kihlblls A1D9 v*^a 
Infectiona in vftginal tranwuicsjon modern, AJOS Roc Hjm Ratr<M* 

ruses aj04r2om-3. 



bfcldt prevent* rectal iransnnBriwi el flH VB9.6P m nwaquw 

5 * ffi e^uafioti of AIDS drugs and vacdnee- AI03 R*a Hum 
«^J* vMi 2TN or ZDV combrnod wffli rntarferoiHx: laBuTi after 

irvactftd vWi simian Imrrwnodafidirrcy virue, J Acqulf Immune Oe- 

80. Mo^hSJ^ 

eta for avaluailon of AIDS therapy. Ann N Y Aead Bol 1B&D, 

61, Hla^^^mai aiudles ot proptvytexte. Am J Mad 1997;1Ctt 

62 , vKr^ay K. Manhaa M. Ramoa R, ol al Smlari Immunoden- 
ciancy vbus ISPO InfectJcn of Infant thaiua rr^caquaa as a moo^ 
to laUanCrerWai drug prot^ B and ff^* ^ jr ^ t ^; 
dwxythymiilno prevents SIV Infection. Ant^crob A^enia cn&» 

6a ™ RompayK, Manhaa M, Uson J, at al. AdrrfnWlon ol 9^ 
^honcma^lprcwilBdeHna (fMPAjrqr p^Uc^ parf- 
rata! simian trffnunodeltaiency vinjs aVec&n n itieaus macaques. 
AIDS fias Hum Retroviruses 1996,14:761-73. 
6a. Van Itompay K, fiarardl D, Aflutrre N, et el. Two tteaeaaf PMPA 
prt»C< Raw born maeaques auatnat oral simian imwirodenciency 
vlriisWeo«M.A10S19aB;iaF79«3. 
65. B«tig9rD,Pu*r^P.<^arYO^ 

tbnd In Qynemolgvm raaeaques by prophylactic b^atmamwwi 3 - 
nuwutrryrrtcfinB. AIDS Rao Hum Retrovir 1992;8;1SW. 

68. BAtfrJ a vrang L Ofaero influence d ma InfectJOua ^ of 
eJmian Immunodeftciahcy vlrua on the acuta Wectfon in cynornolgufl 
monKeye and an iha affect of treatment wft ff-tooinymldlne. 
Antivir Chem D^rnothar 1992^:267-71. „ . . . 

67. Tsal C, FVUfia K, Sabo A f et aL PreeTpoaura prophyla»s 

pr»ephonyitriethc«y^)flC^a agahsl airrian tmrnurodefoency 
vims Wecflon in macaquBs. J Inreoi Ks 1 994;1 easeo-e, 

69. Subrwflo 8 4 Olien a Rarnos A. et el- CbemopfophylaxJfl irflh Ofaf 
lanoiovir ctopnwfl fumarata CTOF) deleye but noea not prevant 
kitacilon In rhesus macaque* owoa repaated rectal conges Of 
shiv. izth Conference on Rewnrufiea and Opportuf^cc infao- 
Ucne 2005. Boston. Masaachusetls. Ahalract 136LB. 

69. Van Romoay K. Lmreon J. CoiftnR. eteJ. QraJ JanDfavlr pfprohJCia 
infant macaquea against taftoVon following repealed fcravdesB 
om) expoauro to vtnianl «lm!an fmmunodeflclenoy vims, *V tniar- 
nallcnai AIDS Conference. 2004, Bangkok. 0-bOfBlO). 
7a BfirjjQ&r D, Johansson N, Samueiafloa B. ar aL frewntlan of dmtan 
immunodandency vlrua, StVam. or HtV-2 WaclrOn kl WWW* 
monkeys by pre- and poe^postna admWstmSon of BEA-005- 
AIDS 1997:U:1B7^Z. 

71. aienR.MlhD,Ao^aGlal.r^JcacytfT^lBxpf^^ 
laxts alter fnr/avapinal Bxposua of pig -tailed macaque* to a human- 

72. Tsal C, Emsu P. FoCiS K ( el al. Effectwenass of pwilnoCuteton {Ry 
rj^z-phDsr^nylmemo^prop^)adBrilria treatment for prevention of 
per totem aimlan Immunsidsngioncy vtrue ^Vrrjno Irfecton depancfa 
critically on timina of InCTJaton end duration of IreatmenL J virol 

1903:72.^4285-73. 

73. Cenlarfi lor Btaease Oonfrol and Preverrt?Dn. Update: pnwronal 
' putjfcHoatth Service rectamrnandallons tor cherr^t ophytwtfo arfer 

occupatonal exposure to HIV, MMWB 1S9Q;45:4e&-72. 

74. C«nfftfs for tJfeoas© Control and PrevsnUon. Anltretnjvlral poslax- 
pORure prophytearla afier sexual, ln|ecilan-dnjg uso, or other nonoo- 



80 



Material may be protected by copyright law (Title 17, U.S. Code) 



PAGE 96/117 * RCVD AT 6/8/2006 3:20:20 PNI [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/18* DNISOTOO < CSID:514 286 5474 ' DURATION (mm-ss):5644 



0 6/08/06 15 : 13_JvAX. 514 286 5474 
06/06/2006 13:37 450-688-3138 



OGILVY RENAULT 

REPLICOR INC 



@I097 
PAGE 16 



Keen KA Van Rompay: Prtmaf Models for Antl-HIV Drug Stadia 



ojKritod expocuro « HTV in ita United States: 
^SlSuA Department of Health a*d Human 5ervfea*> MMWfl 

75. fw^Cb^O 1 ™ Oi AnsolrrtO M, etaL ^J^jJjj^^^S Contfo! 
mo HIV-1 P^A during postexposure propW*»te- uomra 
Hc*p Epidemiol 20002152*31- , . Ulv „ 

76. ^Vaccina Advocacy Cfcanfan. VW a (ill a day prevent HI/? 
AiStepS the result* d the lenotovtr TRET W*> O^vao. 

77. 0£ H WW F. at al Use «J^^^*" 
prevent HIY-1 VwiwnMon through breastfaeainG:!^ enUnal 

to random^ eflntaal J Acquired lnwc *flc 

7& oS««?a^^^W ft. fit al. Reduction or n^maMWam 
v^Galo^HlV type 1 wtthadcvudino trealmanL N En 0 l J Med 
19941^31; 1173-60. 
73, Guay U Musoka P. Hen** T> at al . Irtonartum and 

fi te-dose revtrepins cwnparad wWi zidovudine or pnwM £ 
motnor-to-chnd transmission of Hiv-1 In Kampala, Uganda: KiVNtT 
012 fandamtead trial. Lancet l999;K4;79Hal 
80. Efihtenwi S, Mraene M Guay I, at Sdacto and faring of res^ 
Ifinco mu&ftina fn waned and Infante receMng nevtrapVie » pnwam 
HIV-1 verfcaJ transnisroi (HNNET012), AH3S 2001; 15:1951-7. 
bi. Martin L Murph«yCorb M, Setta K, «t al. EKaas of In^on of 
a'-azId^-dewyAymWIne treatment at dfflerert limes after WW- 
Gon ol rhesus monkeyo with simian imnnincdafldency virue. J Infact 
Pis 1B93;188:B2S^5- 
B2. Tsai Fc&is K, Grant H, fit al. ElfeCld d<*H& frequency on 20V 
propnyiarfB In macaques infected with simjan irnmunodeficfenoy 
virus. J Acqwrad Irnmune Dene Syndr igS3#1Qafr82. 
63. Joag S, U Z, pjrosman U etal GerVtraatmantwIth ^2-pnospho- 
nyVnethoityolhyi) adwrtna reduces vims burd&ns tar a prolonged 
period In SJV-infsdfid rhasua macaques. AIDS Res Hum Ffclrcw 
CM 1997;13524l-6. b t Ma _ 

84. Le Grand R. Ctayene P. Noack « at, An anJmfll mortal lor nnU- 
lentMral therepy: irfaci of ZldovudTna on Viral load during acute 
Wectten. after exposure rf macaques loWnsan irrvnunpdenciaricy 
vlna AOS flas Hum Retroviruses 1 994,10: \*7*47. 
ss. u> Of and R Vaa«n B. Larghero J, el al- Ptosl-oxpaaurB prophylaxis 
*Hh highly aclive anftoirovira] therapy coiW rrtl protect maMquea 
from inffiotfofl wltft SlVWrV d»wa AIDS S00O;U:iBf*4*. 
66. Van Rorrpay K. Dallay P. Terera F\ GtflL Eariy tfiort-temi &{2^P^»* 
prtcywxrettwxy) propyl] adanlna (PMPA) ifaalmarrt favoraWy afsaro 
oubeaqutnt tftecase WW in simian Jmrnunodaficffincy vIrb^th 
rected newborn rhaaiB macaques. J VjtoI 1939;73:2W7*5. 
87. Wat^A,McCiueJ 1 HBnchaliB J, «bI. Early paatfn!aciton aniMral 
troatmont rtduoas v|r»l lowi end prevents CD4* eel dacCna In HIV 
lype 2-inleo»d macaques, AIDS Raa Hum Retrovirueee W7i 
13:1375-81. 

ab. Fiausch D, Hey&s M, Murray B, at af. 2ldovudlna treatment pratonga 
egrvivfll and docraa8aa vtrua load In m« central nervoua aysiem of 
msaua micaouaa Infected panjiptEdiy won dmbn bnm«nmiaftc»er> 
cy vioo. J in/act Dis 1995:172^69. 

89. Rosenwrth H, tan HoAft P, Bogara W. al el. AnfirettovfrBl therapy 
during prfrnary (mrru^oddridancy virus mfection can Induce persb- 
tent supprasslan of virvfl load and protection Irom natarbIO0Oiis 
challenga In rhaws macaquw. J Vtrd 2000;7*1 704-11. 

90. Smrtn M, Fomsman I, Lopa2 G, « al. Lasting effects of ta^iem 
postjhu^ation ifinrfovir [9-R^hMphcrTomein«typrepy^dBnlh8 
J ireatmant of ewivKUa Infection of r^eaua macaques. Virology 
2000:277:306-15. 

31. Hodge S. De Roaavro J. Glenn A. si aJ. PoatSnOOUlaUon PMPA 
treatment, but not prBinoculaiten Imrr^ornodulaiory therapy, 
protects against development of acuta dtaaasa Induced by the 
unfqua oimtftA mrnwjnodBOelBncy vlm« flivsmmfBj. J Virol 1999; 
73:8830^. 

92. ufepn J» HosaJo J, Arnaout R el al. Gonialnmeni of slrrifan immu- 
nodafldency vtrua Infedten: cellular Immune responses and protee- 
fort trorn rechallenQO foBowIng irandcnt po»UnooulaiJon anb'rotrovf- 
raJ watmant J Virol *m74:2584.S3. 



S3. Urt F, Mo B. MaW, A. al«l. oa »^!^^ 
hydtOKyurea rescue plgtajl mecaquo irom a ^doso Of SWemrnp 



S^ln)e" e d memia macaque after »twUwn ert-ftfravlral BMl- 

eatly HW-1 Infecllon «iwr irealnwm dbcanttiawn. Pjoffw e«a 

W bSSgra. PetHuaor 22-85- «»*■ B * slon - M «» 9achusett8 Ab " 
6 tract S68 

€5. Berray li'sehadnf T, Orfier A, oi al. Treatment of prtrary jJP/ 
typa 1 irswon *W potant etflratiovlfal therapy i*^*^*™* 
of rapid progression to AIDS. J Infect Dig 2001;l83!l«e-75 

97. Wntoch-da Lo&s S. Hirachal B. Hw 0. at ef. Acontroled W ot* 
dov,di W HP^nary HIV En^ J Med 199^^ 

58. Lafeiilada A, PoCjOl C, TamaJei C. at al Effects dl a c^blnation of 
ddovuo^a, cldanostna, end lamjvucf ne on primary HIV tfpa 1 

tion, J Infect DTs Ifl9f7;176:105i-s. 

59, Rosenberg E. Alrield M Poon S, d al. Immvna ccrtfml of Hiv-i 
attar esrty iraaimBnt of acute snfacUorv Nature aOQO;4a7^a. 

10a Keseuuo 6s Ro*e*b*0 ES. Primary HIV type 1 intecUon. CBn mraot 
OiS 20D43&1447-53. . . . 

101. loareshi T. Brown C. Endo Y. at a). MacTopltaaa am the pnnclpaj 
rgsarvofr and auataVl high vtnrs load* tn mesus macaqusa after C» 
dapleiion of CD4+ T calls by a WgWy palhogerric aimiaa immuno- 
deficiency vwiVMIV typo i cWmera (SW1V): ^gS^J^l? 7 " 1 
Meellons of humans, Prac Nail Acad Sri USA ^001 ^9:65^3. 

loa. Hel Z. Verrron a Poudye] M r ei al Viremia cantfel WlOMi'mg cntiret* - 
rnvtral vealment and tfiflnapautto immunteaffon during primary 
SIV2S1 Infection of mwaques. Nature Mad 2000:5:iiffl.B. 

103. Lort f. Usnewicz J. Structured treatment Irrfemjptons lor the man- 
egemant of KIV Infecfion. JAMA 2W1^BQi2Wl'7, 

l^.Majf^M.JInX.HuT^ 

thompy wnvnanaad aflriy during iha course of human HrV type 1 
Infedton, with ot without adSunciive vaccination. J tnled Dig 
a»2:1B8:634Hd3. 

105, war E BaJ J, Hausner W. «1 A Acuta HJV eyndwmo aitar dteeon- 
itnuaCion a! aniiretnMaJ Iharapy in a paDeM traated befora aeto- 
conversion. Ann Inl Mad 1998{l2a:BZ7-9. 

^06, Sfiuloer D» Stfihia U U S. at aL Long-term toteranco end elTicacy 
of 3'-a23dr>lhytnJdIne a^d a'^orcihyrnj^na traaunari of asymp- 
tomatJo mor^STS Infected with simian Immunodsfidanoy virus. An- 
ttnJcrab AfiOrts Cnemdher 1992-^6:1770-2, 

107 Van Rompay x, Greenler J 4 Marthas M. at al. A jUovudlna-reslstant 
cfttan Irmrunoderioianoy vtrua mutant wltn a Q161M mutation In 
rovema iranGoriptais cauaea AIDS In newborn macaques. Ansmi- 
crob Agents Chemoihar 1997:41:273-83. 

109, van Rompay K, MsllhawaT, HipofiB J, eteJ.vinilenceand reduced 
(itneoB or almlan Invnunodardenoy vfrua war. tha UitoV mutation 
In rovorofi transcripts^ J v"*ol 2ax2.7G^naM2. 

109. Tsai C r FotGa IC BecfcT, el at Hfetfs of p^^osphom^me- 
ihoxypropyO adenine rnonolhsrapy cfl chronto W Wacoon. AIDS 
Raa Hum Ratrtvirusas 1907;13:707-12. 

11a Tsai C, Fdto K, Saho A. el si. EflicBcy of ^a-pr^honyJmethoxy 
eihyl)3denin6 ireairnent ao^irist chronic afmian imffuhodaflclcnoy 
vVus Wcollon In maesaw*. J Infect Dls 1AB5: 171:1338-43. 

111. Mowak M. Uoyd A. Vaequez Q. et aJ. viral dynamics of pnmary 
viremia and antlrelrovfrai thempy in simian ImmuncdelicJanoy vtnja 
Wactlen, J Vtrof 19a7;71:7S1B45. 

1 1 Z Silvera P„ Racz P, ftacz K, at at. fcTTsci of PMPA end PMEA on the 
kineDos ol vfrai load tn c&ntan immifftodeflcJsncy vVus-infected ma- 
caques. ATB3 Rea Hum Retrcvlruses 2000; 16:791 -aoa 

119. Van Rompay K. S^h R. Pahar O, * bI. BQl-rnvdiilad wp- 

prBSSlon of virulent atmfan Immunorjenciency virus during lenofovlr 
treatment. J Wol 2004-.76:5324^7. 

1 1 4. Magiarowoka M, fiomardln F, Garg S, ct «L WgMy uneven distribu- 
ter* of PMPA BBleded StV drug resis(*iic« oenatypas in dHlerenl 
anetomtefti Eiire of rhesus macaques, 4 Virol a»«;7a;243*44. 



81 



Material may be protected by copyright law (Tine 17, U.S. Code) 



PAGE 97/117 * RCVD AT 618/2006 3:20:20 PNI [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/18 * DNISOTOO * CSID:514 286 5474 * DURATION (mm-ss):5644 



06/08/06 15:14 FAX 514 286 5474 
86/06/200G 13:37 450-6BB-313B 
0 «^ yv ^^*»ft^ 



OGILVY RENAULT 

REPLICOR INC 

_ . ^ - r/t^w a ■> 



@098 
PAGE 17 



AIDS Rovievvs 2Q05;7 



1 15. SnVt-McBride £ Maltapaira J. Vafingar F, ot aL Intracellular cytokine 
expression in the C04+ and CD8+ T oolb from JiMottlnal mucosa 
of simian irrnunodeficlaney virus Infected macaques. J Med Prim* 
id 199$27:129^a 

1 is. Ve»*y R. DftMwia M. cnaflroux l, at ai. Ga6VOlme«iirtal tract aa a 
major sto til CD4+ T cfiU depletion and viral replication In S1V Infac- 
ton. Science tflBB; SHMS7-ai. 

117, Hetee C Wller c, Laofcnar A, at al. Prima? acute (Mw immunc- 
d&firicncy virus Infection of tnteslinaJ lymphoid ussue la associated 
with ^strtfniesflnd dysJunct'on. J infect Dts 1 994:169:1 11 B-20. 

11a Manapaffi J» SmtHtaBrtde Z, Dailey P, at si. Aoifvaisd memory 
CD4+ T helper ceQa repopulate the Intestine early louowWg antirat* 
rovtal iherapv Of simian immunodeficiency virus-Weded rhesus 
macaques Qui exhibit a decreased potential to produce IniGriaukln- 
2.JVTml 1999;7a6681-9. 

1 18. George M, Rsay E. Sankaran S, el el Early antiretrcvlra] Iher apy Tor 
simian 6nmun©d8toBnoy virus Infeclton leads to mucosal C04+ 
T-col raflcrailon«nd enhanced gene expression regulating muco- 
sal rapalrand regenereUoft. J Virol 2D05i79;270S-l9. 

190. $hen Y* Shan L, Bengal P. el al, AnvVetrevifel aoenls reslorB myco- 
bacteHunvcpeciBo T-ceil Immune responses and racinufla contra*- 
ling a Earn) tuben^osfe^rkfl disease In rnocaquea coimected wfln 
Simian frmnunodelictency virus end Mycobacterium bovls BCQ, J 
Virol 200l;76flsscw. 

121 . Shen A. 2nk M. MantowW J, * *, flasUng CD4* T rymptwcyiea 
bui not thymocytes provide a lalenl viral reservoir si a simian tm- 
munedcfld«rtcv viruc-Macaca nemestrtna model d KTV type 1 in- 
fected patients on highly active enOret/ovtral therapy. J Virol 
2003;77:4938-49. 

1 22. norm t, Van ftompay K, Hlgolns J, ei aL Suppress tn al vfirus toad 
Dy nmy acuva sniiretrovfra] therapy In rhwus macaws fnfec^d 
with a recombinant fita'an inrninadeflclancy virus containing re* 
verse Vtnurlptaae from HIV type 1. J Virol 2005;79:7349-54 . 

12a. Lorf F, Lewis M, Xu J, at at. Control of Sat rebound through struc- 
tured treatment interruptions during eafry kiteou'en, Science 
2000290:1591-3. 

12J. VftJnrjef F, Qrlco G, Mayne A, el a?. Adoptive transfer 0) simian 
Irnnxrodeficiency virus (31V) naive aultfcoous CO 44 T cafte to 
macaques chronteaRy Infected with SfY te euMioient to induce tonr> 
tarrn nonpfOQfassor status. Blood 2002^9:590-9. 

125. Hd Z. Nacoi J, Ka)aaH B, e* el, Impairmanl or gaOrfipadTjc 

T-cell funclton In mucosal and systemic companmenls of simian 
Immune ds^oncy virus mac251-and slmJan-human irrvnunoden- 
eisnoy vtfua KU2-tn(«rtOd maeaquas. J Virol 2001^6: IMfiSOT. 

1 38 , TryniazawEka E NaC&a J. Lewis VL el si Vacation of maoaquBS wfih 
lon^standhg S Nmi«aS 1 fTfectcn lowara the wrat sat point after caa- 
sattan of anlireuovlraJ iherspy. J Immunol 200fclKfcS347-57. 

127. Hai Z. Nacsa J. Tsal W, at aL Emivalant IrrvnurtOQentcRy of the 
highly attenuated poxvtus-based ALVAC-SW and NYVAC-SrV vac- 
cine candidates In SIVmae2S14nffolecJ macaques, virology 
2D02S3W:12&34. 

ISO. Nacsa J. Stanton J. Kunslman K. et al„ Emergence oF cytotoxic T 
lymprficyia escape mutate Moving enbVetroylra! treatmem strs- 
perakm h rhasuo rnacaques Infected wfth SlVraac251. \rlrot09y 
2003;3Q&21D^a. 

129, Soyer J, Nath B, Schumann K et el IL-4 Increasea simian BTinuno- 
d eii ctency virus replication despfta ar^ancad SJV Immune responses 
In Infected rhesus macaques. Int J ParaeW 200^32343-60. 

13a Uszia^icz J. TroflJo J, Xu J, et aj. Control of viral rebound through 
Iherapeutic fmmutol'OO with DarmaVlr. AIP3 2005:19^5-43. 

131. Rlchrnan D. HlVflhamotheraoy. Nature 20oi;4lQS9&-1oai, 

133. Banosberg O. Moss A. Daake 9. Paradoxes or adherence end drug 
resistance » Hrv an£iate*W therapy. J Anflmterob Chemotfwy 

1 33. Derby Q, Larder Q. Th« cOnlcaJ BtgnMcanca of anlMral drug reala- 

lance. Rot Virol 1992:143:1 i&-2a - 

134. Ftfchman D. The cHnteal sIpn^Reanco qI drvu-fSsiBtHnt mulants of 
HIV. Rag Virol 1W2;1 43:130-1. 

135. RlchnM^ p. pxi&iancei druff tou*e. and dtoeeae pnoflreesion. 
AIDS Res Hum Retroviruses i994rl0>9Ql-5. 



135. DeeHs S, Hoh P. Greni H, et al. CD4+ T cell Wneites and acuValion 
In HrV-Wocwd pattents who ramftln vlremic despite long-term treat* 
ment tonh protean lnhJbltor*bUBd therapy.* J Infact Die £002; 

1B5315.23l 

137. Deeks a Bartxrur J, Manjn J. et a). Susie'med CCM+T cell response 
after vlrotogte failure ol protaaso lhhlbrtor4jesed regimens In pa- 
itante wfth HIV InfacllDn, J Infect Die «XXfc1fi1:940-tt. 

13B. Barbour J» Wrin T. Grant R, el al. Evolution of phenorypte oWQ 
6usce&Hbi|lTy and viraf rapHcaffon capa&lry during long-term vtto- 
toglo toOure 0/ prOteflM Inhibitor tharapy in HnMnTscled aduHs. J 
Vird5u02;7e:11104-12. ' 

139. Monpoux P r Trioolra J, Lalande M, el al. Treatment mterftjpiion tor 
virotooTc faBure or as sparing rag (men h ohMfen with chronic HIV- 

1 infection AIDS 2004;1B:2401 -9. . - 

140, B&Jac U Piketty C. SJ-Mohamed A, el al. High levels of druo*resf9> 
lent HrV variants tn patfenis exriibhine tncfeasfng Cem+ T cmmis 
cfespte viraiDflic failure of protease inhibtor-corUalnlng antfrelrovimi 
comWneUon iharapy. J Infect Dta 2000{1&l;lBoa-12. 

141. Miller V, PhllUpe A, Ctowt B. el al. Association of vtrufl load, CD4 
coi count, and treatment wiui clinical progression Jn HIV-in- 
fected patients wTth VS7 low CQ4 cell counts. J Infect Ols 2002: 
186:169-97. 

142, Msuarama I, Cariesimo M. Pintar £. et aL Clinical and Invnuno- 
logic responses without decrease in virus mad in pati&rus after 24 
months of nighty active mUretrtMml therapy. Clh Infect Die 1999; 
29H 423-30, • 

143l Desks S # Manln 4* andair F, et al. Srong caVmadiBiBd tmrngno 
responses are as&oolatad wttn the maintenance of lowlev^ vtremie 
In erniretrovlraUreata d IndMdusds vrith dru^raslsEard HIV type 1. 
J Inreot Ob 2004; 1 6*31 z-21. 

144. Desks S.V^T.UeoJerT.aieLV'rtr^ 

QUancefi or dfecontinulng comblnatfon oriireWWfli-dnjg therapy In 
HtV-tnfaoud paUents with datactabla vtrernle, N Engl J Mad 2001: 
344:472-60, 

145. fJeaXfl S. Durable KIV treatment benafit daspita tow-tevel vUemia, 
ReaasessinQ definitions of success or ranure. JAMA 200 1: 

146. Hunt P. Marlln J, dlnolear E, et al. Druo-raalstant phenotype Ifi as- 
sodatad wKh decreaaed Vi vivo T-cell acuVatTon Independent of 
Changes in viral lepfleation among patterns dieconljnuing anflretro- 
vtraJ ihecapy. AnUvirai Therapy 3003;fl:Sfi2. 

147. fiorda J k AX/arez X Kondova I. et al Cad troplsm of sfrrten frnrnu- 
nodarcSancy virus h cuHure Is not predictive ol in vivo iroptem or 
pathooenesls. Amar J PaChol xxxj BS21 1 V22, 

149. Kesller H, (If. Rlngfar E>, Mori K, at aL Importance of the naf gene 
for maintenance 0/ high vtrue loado and for davalopmsnl of ADS. 
Ceil iQSl^5£6l-62. 

149. Lehman B, McChaenoy M t Millar C, at aL A partfaRy artenueted 
simian rmmunodenclancy vfrus Induces hosl immun^y thai corre- 
lates with resistance Co pathaQartfc virus ohalenge. J Virol 
I994:6fl:7021.&, 

15a HirsCh M, BfurvVaf 'not F. C total B. et al. Antketroviral drug reals- 
lance testing In adults Infected with HIV type 1 : 2003 recommenda- 
tions of an IniamaUonaJ A|DB SCQlOty-USA Panel. Clin Infant DCs 
2D03;37i113-2Q. 

151. GandM R. Wurcel A, Rosenberg F. at aL Prograsstva ravanrton Of 
HP/ type 1 reactance mwartOM In Vivo erter rrarwmrssJon of a 
multiply dftig-resBT&nc virus. CMn tnfeci Oa 200^37:1693-8. • 

Tfiz. izopet J, Souyrts O, Kanoe A. el aL Evolution of HIV type 1 
populations altar resumplion of there py following; treatment Inter- 
ruption and shin in resistance genotype. J Inlecl Die 2002; 
185:1 Soe-10. 

m Cherry f. $Ielef M, OeJomon H, m al. Mutalfons at ccdon 1B4 In 
sarrdan trnrnunodaficfency virus reverse iransorlptasa confer resis- 
tance 10 tha (-) enantlomer of 2\3 , >oldfloxy-lh]acyUdfn0. AntlmiCfOb 
Agents Cftameftof 1997:41^763-5. 

154. Muny J, Kbd"" J, Matihe*H T. at al. Reversion ol rhe Ml 64V 
mulatfan tn etmran fntmunodenoiancy virus reveres transcriptase fs 
selected by lenorowfa-, even in u%9 presence o> larnfuudln». J V)ro( 
aQra;i-r:i 120-30. 



Material may be protected by copyright law (Title 17, U.S. Code) 



PAGE 98/117* RCVD AT 618/2006 3:20:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/18 * DNIS:2738300 ' CSID:514 286 5474 * DURATION (mm-ss):5644 



06/08/06 15:15 FAX 514 286 5474 
06/0S/2006 13:37 450-&88-3138 



OGILVY RENAULT 

REPLICOR INC 



0099 
PAGE IB 



Koen KA Van Rompay: Primate Models fgr Antl-HIV Drug Studies 



155. Schrrtl J. Cognlftux J, Hermans P. el al. Multfple drvg Fteefetaftca 
to nucleoside, analogues end non-nuclBDGlde reverse transcripts 
Inbfbi'/w pi" en efflclanUy replicating HiV-1 patiani strain. J Woe! 
Dfe 1935j174:062-a 

1£& &afer R. Winters M, rversen A, tit il. Genetyplo and phenotypic 
changei during euimra or a mu!Uruicleoaida.reslBiarri HIV typo 1 
stram In the presence and absence of additional rnvaraa transcrip- 
tase Wfflrtora, Antlhicrab Afiente Chamoihar 193&40;28Q7-W, 

157. Cofeon P. Henry M, Trvofi N, et eJ. ftlymorphfem and drug* elected 
mutatione in the reverse transcrlptes* gw cl Htv-a from patients 
Iwng m eouinern Franca. Antiviral Therapy 2QQ3;6cSi6i. 

159. Descamps D, Damond F, Malhsfon S. el al MWn frequency of 
selection of the OI61M mulatan tn W^-trVactad patients receMhg 
nucleoside reverse transcriptase 0ThiWoTKX>"tfiHnfl reohifln. An- 
llvtrpl Therapy 2XH;B:S1B2. 

159. Nawetein M Desrosters R Steele of reva/selranscrlptase. muta- 
tors Ml 5W end EB9G on cknian brenunodeficiency vinjfi in rhflfius 
monkeys. J Infecl Ws 2WH1 w:i262-7. 

160. Ruana P. Luber A. K65ftAssocra!ed Vintage Fall/a to WV-Wected 
Patios FV^vinfl Tanofcryt-ConlCTTjig Tripfe NutfsosidaMietottfe 
Reverse ThrarfcUaa InWWuy flefijrnens. MedOenMed ZXX&il 

161. Vater U UafllrvCefbortaro i, da Mendo2a C. at bL Predictors crl 
selection of K6Sti: tenotovtr vsa and look of thymidine analogue 
mutations. AIDS 2004;1ft20W-6. 

162. Maggot N. Isaacson E, McGswen i, et al. Extended treatment wtth 
fcnotovlr disopffixa fumarala In troaiment-expeilenced H3V-l-lr>- 
tested patents: genotype, phenotyplc. and rebound analyses. J 
Aequtod Immure Oeffc Synir 2003;33;1$-Z1, 

163. Van Rompfiy K Che/rlrioion J, Mattes M. « al. G42-(Phosphonommri 
c^opyTjadcdne JPMPA) therapy protoflG* o| infant ma- 
caques riocuralad with atrn'an trrvnunoderdenay virus wlh reduced 
susbept&lty to PMPA. Ajr&riCmb Agente Chamotfw 199^502-12 

164. Perelsan A. Modelling viral and Immune system dynamite, Natur a 
Inwurwtoay Reviews fi002;2. , 29'5fl, 

165. Wodarz D, Nowatc LL Mathematical models of HIV pathogenesis 
and treaimem, Boesssys 2005;24:1176-67. 

168. Benhoaffar 9. May R, Shaw GL et al. Virus dynanvc* and drug 
therapy. Pmc Natl Acad Scl USA l997£4£97t-6. 

167. Buseyne F, Leohemdio J, Burgard M, et al. Gag-spacffc memory 
CTL raaponsas and ertiretr ovlral drugs act ki synargy to conlrot H3V- 
1 repilofllfon In Infected children, nih Conra'enca on Retrovirusas 
and OppartunlsOc Infections. 2004» 3an Franolsco. Aostreot 217. 

16a. Alalrakchi N. Duvwier C. Co&taoftota D, et al. Persistent low viral 
feed on anfralrovira] iharapy ifl aaaociaiad with T ceil-mediaied 
convoi of miv repdoerJon. aids 8Q05,-i9a5-aa. 

189. Cohen SJuart J, Wenstng A, Koveos C, et el. Transient roUpooa 
Ch5ps") olplasma HIV RMA levels during HAARTare associated ^Rh 
drug restetanca J AcquV Immune Defio Syndr 2001^:105-13. 

17D, a Maacto M. MortoM't2 M. Louo M, et al. Wal blip dynamics dur- 
ng highly active nntrczrrovlrQj Iharapy. J Virol 2DD3:77:1fi 166-75. 

171, »anteon J, P^seud D» Sfltlano R.Tbe challenge of vimt r^aivolrfl 
Bi HtV-1 infection. Annu Rev Med 2002;53!B57-B3. 

172, WoKay P, Partwh P. ScrupiU J, et SJ, global dysfunction of CD4 
T-fyrnphocyte oytoWne expression tn slmlan-human ^nrrunodefi- 
efency VrfUfl/StV-irvfectfid monkey* Is pravanted b> VBadnHllon. J 
Virol 2D03;77Ue95-7ffi?. 

173. ZImmer M, Larreglna A. Castllfo C. et &). Disrupted nomeoelaaja of 
Langerhan* cooa and htafdlgitaiing denoYtfic cells In mar* eye wim 
AIQS. Blood 2002: 99^659^0. 

174. Ksech S end Ahmed FL CD6 T colte rarnembor wilh a ItrJa help. 
Science 20CG^OCh26^5. 

UobOf man J, Snankar P, Manjunath N, et bJ. Dressed to WH7 A re- 
view oP wny antrvfras COB T lymphocytes rail to prevent progressive 
lrmajnodeflclaricy In HIV-1 Infection, Blood 200*1 ^6:166A77. 
176. ucMicnaai A. Ro^and^fonOB S. WD Jar Immune responses to WV_ 
Nature 5001;41 0580-7. 



\77. Ghatfart G. Passsiflco^a D. Cafcedo J. el al. Two^ear cf rtical and 
y^mune culccmes In WVHntoctfld children who recontiius CD* T 
cefle v^ihovt control of vfrd replication after comofnattori antiretroviraj 
therapy. Pcolatrlca 20O4;ii4:eS04*1l. 

178. Huang W. De Gruttote V, Rachl M, el al. Palleme of plasma Nrv 
typo 1 RNA response lo anltrelrOviml Iharapy. J tnleci DIs 2001; 
183:1455-6$, 

179. Haverkamp M, Smll M k waereink A. et at. 1^ affect of bmtvudhe on 
lha reprjcallon of hepalltfs B virus In HtV«lnfected patients depends 
on the hoel Immune statue (CD4 neU eounl). AfOS 20Wlir:i6T2-4. 

160. Abel K r Ategrla-Harimen M. Zanotto K, at al. Anatomic site and 
Immune function correlate wfth relative cytokine mflNA expressfon 
tavals in lymphoid tissues o" normal rhesus mecaouee, CywWne 
2001;16:191-204. 

161. Altfeld M. van Lunaen J. l^ahm N t et el. Expansion of pn>e)d*&^. 
lyrnph node-localized CD5t T cetta during supervised traatmsnt Irtar- 
rupilora In chronic HEV-i Intectta J cm Invest 2002;in&&3M& 

182. Panjaleo Q > Koup R. OtoitelalBs oJ immune protection in HIV-1 Infec- 
tion: what w» know, what we donl know, what we should know. Net 
Med 2004:10^0^10. 

183. detca M, Ambrt»sK p, Oouek D, el al, Analysts of total MV-epedllc 
CCM+ and CDS* T<ceH resperuafi: reMHonahlp to wi load in uv 
IrOfllfid HIV Wectfoa J Vir<4 2001;75:11983-91. 

1ft4. Van Flompay K, Abel K, Lawson 0, el a). Attenuated poxvVuarijaEed 
SSV vacdnas (pvon In Mancy partially prDieol Infant and JuvenDo 
macaques against repeated oral challenge with wutent SlV. J Ac- 
mired Irnrnuna Defn Syfrdr 2005*6:124-34. 

165. Rod S, Ni/W^ M, Schuurman R et al Evoluton ol lamMidlnB reab- 
tanee in HrV type Unreeled TidividualB-. tna retauVe rotes d drift and 
selectlsn. J WOt 20047462646. 

IBB. DaaVs S. Barbour J, Orant R, af. Duration and predldors of C04 
T-oe9 gains h patfenls who QontlnUd gombrnarjfln therapy despite 
detectable plasma viramia. AIDS 2002;16:201-7. 

187. Ranaud M, Kallama C. Mallet A, el ol. Dalermrnama or paradcwca) 
CW eel /eeonaiihjtfon after protease rnhiWor-contakilng anllretro- 
viral reg>nen. AIDS igg»>i3:66d*7G. 

166. Lfld^rgerber B. Egger M. Opravil at aL CQnfoal pmgrea&tcn find 
vrrologfcal failure on highly active Bntirtfroviral Iherapy tn HIV-1 
patients: a prospective cohort study. Lancet f99%353£63-6. 

163. Sloand E. Kumar P, Kim S, et at. HIV typa 1 protease fhhibllor 
moduiaies ecuvauoo o( peripheral blood CD4+ T cans end da- 
craasos thalr suscepftbllity to apopto&ia In vitro and In vtva Blood 
1999u94r102 1 «7. 

190. Price D, ScuJterd G, Oxeniua A. at al, Discordant outcomes toffewtog 
failure of anttretrovlral therapy m afl&ocratad; with eubstentrai dtrfer- 
oncoQ in HtV-specTjc cellular immurvty. J Vucot S003:77*041 A 

191. Attorl O, Angall E. Malnlnl A, et al. In vitro activity of HIV prole* 
ase InhlbJtofH agilnsl Pneumocystis carinll. J tnred Pis 2D00; 
161:1629^4, 

16H Coseono A, TecconeDi E, Ob Bamardis F. at al. Anilretrovlrel lhe^ 
apy wHh protease Inhibitors Has en earfy. immuna rBConsIltuIorv 
tndepandfint banarlctai effect on Candida vtrujenoe and oral can- 
didiasis In HlY^nrgcted eubjecta. J Intact DIs 5002:1 65:188-96. 

TO. Ztdak Z. FfSTikova D. Hofy A. A-^'rvatlon by ^R)-[2-{pno^hDnorr)e- 
(hoxy) propyl] adertna of ehemoklne (RANTE5, macrophage inflam- 
matory prottfn la) and cytokine (tumor necrosis factor afphQ, Inter- 
leukh-10 [0.-10]. 1U1B) produopotl. AnDrn'crob Aganls Chemother 
2001^6:3381-6. 

194. Van flcmpay K f Marthas M. Blschomerger N. Tenofovfr primes 
rhesus macequa col La in vfeo for enhanced hierleuldn-12 secretion. 
AnrJvtral Res 2004^3:13^6. 

1&S. Lu W. Wu X Lu Y % et aL Therapeutic dendrltfc-cell vseolno for sto- 
len AIDS. Naturo Mad 2003^27^2, 

Ififl. Afnaout R, Mowak M. Wodarz D/HIV-1 dyranra revisilfid: blphaSfc 
decay by cytotondo T fymphocyle W!ing7 Froo H Soc bond 
2000267:1347-54- 



Maieriaf may bs protected by copyright I w (Title 17, U.S. Coda) 



$3 



PAGE 99/1 17 * RCVD AT 618/2006 3:20:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1I18 * DNIS:2738300 * CSID:514 286 5474 * DURATION (mm-ss):5644 



06/08/06 15:16 FAX 514 286 5474 



OGILVY RENAULT 



EllOO 



JUN 0 8 2006 

Atty. Dkt. No. 029849-0203 



CERTIFICATE OF MAILING BY "FIRST CLASS MAIL 



Oa ie of Deposi t: Aorff 12. 2QQ4 

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mall with 
2231^a ° n ind<Cated abOVQ 13 addres5€d to Commissioner for Patents, P O. Box \tio t Arlington VA 

Joy Day 



Printed Name 



fiature 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: VAILLANT. ANDREW et a/. 

Title: ANTIVIRAL OLIGONUCLEOTIDES TARGETING HIV 

AppL No. 10/661,099 

Filing Date: September 12, 2003 

Examiner Unknown 

Art Unit: 1614 



AMENDMENT I N RESPONSE TO NOTICE UNDER 37 CFR 661 .821-825 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
{ Mail Stop Missing Parts 

Sir 

In response to the Notice to Comply Wfth Requirements for Applications Containing 
Sequence Disclosures dated December 10, 2003, please amend the application as follows: 

\ . 



PAGE 100/117 * RCVD AT 6/8/2006 3:20:20 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/18 * DNIS:2738300 ' CSID:514 286 5474 'DURATION (mm-ss):5644 



06/08/06 15:16 FAX 514 286 5474 



OGILVY RENAULT 



0101 



Atty. Dkt. No. 029849-0203 



In the Specification; 

Please amend the specification as shown: 

Please delete paragraph [0068] and replace It with the following paragraph: 

[0068] In particular embodiments, the oligonucleotide binds to one or more viral 
proteins; the sequence of the oligonucleotide (or a portion thereof, e.g.. at least 1 /a) is 
derived from a viral genome; the activity of an oligonucleotide with a sequence derived from 
a viral genome is not superior to a randomer oligonucleotide or a random oligonucleotide of. 
the same length; the oligonucleotide includes a portion complementary to a viral sequence 
and a portion not complementary to a viral sequence; the sequence of the oligonucleotide is 
derived from a viral packaging sequence or other viral sequence involved in an aptameric 
interaction; unless otherwise indicated, the sequence of the oligonucleotide includes A(x) T 
C(x), G(x), T(x), AC(x), AG<X), AT(x), CG(x). CT(x). or GT(x), where x is 2, 3, 4, 5, 6, ... 60 
... 120 (SEQ ID NOS 27-36, respectively) (in particular embodiments the oligonucleotide is 
at least 29 ( 30, 32, 34, 36, 38, 40, 46, 50, 60. 70, 80, 90, 100, 110, or 120 nucleotides in 
length or the length of the specified repeat sequence is at least a length just specified); the 
oligonucleotide is single stranded (RNA or DNA); the oligonucleotide is double stranded 
(RNA or DNA); the oligonucleotide includes at least one Gquartet or CpG portion; the 
oligonucleotide includes a portion complementary to a viral mRNA and is at least 29, 37, or 
38 nucleotides in length (or other length as specified above); the oligonucleotide includes at 
least one non-Watson-Crick oligonucleotide and/or at least one nucleotide that participates 
in non-Watson-Crick binding with another nucleotide; the oligonucleotide is a random 
oligonucleotide, the oligonucleotide is a randomer or includes a randomer portion, e.g., a 
randomer portion that has a length as specified above for oligonucleotide length; the 
oligonucleotide is linked or conjugated at one or more nucleotide residues to a molecule that 
modifies the characteristics of the oligonucleotide, e.g. to provide higher stability (such as 
stability in serum or stability in a particular solution), lower serum interaction, higher cellular 
uptake, higher viral protein interaction, improved ability to be formulated for delivery, a 
detectable signal, improved pharmacokinetic properties, specific tissue distribution, and/or 
lower. toxicity. 
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Please delete paragraph [000143] and replace it with the following paragraph:. 

[00143] . Figure 37. {A) IC50 values generated from a plaque reduction assay 
conducted in VERO cells using HSV-1 (strain KOS). Infected cells are treated with 
increasing concentrations of REP 2006 (N40), REP 2028 (G40) (SEQ ID NO: 21) . REP 
2029 (A40) (SEQ ID NO: 20) . REP 2030 (T4Q) (SEQ ID NO: 23) . and REP 2031 (C40) 
(SEQ ID NO: 22) to generate IC5G values. (B) HSV-1 PRA generated IC50 values of the 
following: N40 (REP 2006), AC20 (SEQ ID NO: 24) (REP 2055, TC20 (SEQ ID NO: 25) 
(REP 2056). or AG20 (SEQ ID NO: 26) (REP 2057). 

Please delete paragraph [000199} and replace it with the following paragraph: 

{ 

[00199] We monitored the ability of PS-ODNs of different sequences to interact with 

several viral lysates. In each case, a 20-mer PS-ODN is labeled at the 3 1 end with FITC as 
previously described herein. The PS-ODNs tested consisted of A20 (SEQ ID NO: 12). T20 
(SEQ ID NO: 15) . G20 (SEQ ID NO: 13) . C20 (SEQ ID NO: 14) . AC10 (SEQ ID NO: 16) . 
AG10 (SEQ ID NO: 17) . TC1Q (SEQ ID NO: 18) . TG10 (SEQ ID NO: 19) : REP 2004 and 
REP 2017. Each of these sequences is diluted to 4nM in assay buffer.and incubated in the 
presence of 1ug of HSV-1, HIV-1 or RSV lysate. Interaction is measured by fluorescence 
polarization. 

, Please delete paragraph [000200] and replace it with the following paragraph: 

V 

[00200] The profile of interaction with all sequences tested is similar in all viral 
lysates. indicating that the nature of the binding interaction is very -similar. Within each 
lysate, the PS-ODNs of uniform composition (A20 (SEQ ID NO:12) . G20 (SEQ ID NO:13) . 
T20 (SEQ ID NQ:15). C20 (SEQ ID NO:14)) were the weakest interactors with A20 (SEQ ID 
NO:12) being the weakest interactor of these by a significant margin. For the rest of the 
PS-ODNs tested, all of them displayed a similar, strong interaction with the exception of 
TG10 (SEQ ID NO:19) , which consistently displayed the strongest interaction in each lysate 
(see figure 35). 
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Atty. Dkt No. 029849-0203 
Please delete paragraph [00302] and replace it with the following paragraph: 

[00302] To determine if non-specific sequence composition has an effect on 
ON antiviral activity, several PS-ODNs of equivalent size but differing in their sequence 
composition were tested for anti-HSV1 activity in the HSV-1 PRA, The PS-ODNs tested 
wete REP 2006 (N20), REP 2028 (G4Q MSEQ ID NO: 21) . REP 2029 (A40) (SEQ ID NO: 
2CQ, REP 2030 (T40) fSEQ ID NO: 23) and REP 2031 (C40) (SEQ ID NO: 22) .. The IC50 
values generated from the HSV-1 PRA (see figure 37) show that REP 2006 (N40) was 
clearly the most active of all sequences tested while REP 2029 (A40) (SEQ ID NO: 20) w as 
the least active. We also note that, all the other PS-ODNs were significantly less active than 
N40 with their rank in terms of efficacy being N4OC40 (SEQ ID NO: 22) >T40> (SEQ ID 
NO: 23) A 40 (SEQ ID NO: 20) »G40 (SEQ ID NO: 21) . 

Please delete paragraph [00303] and replace it with the following paragraph: 

[00303] We also tested the efficacy of different PS ODNs having varying sequence 

composition with two different nucleotides (see figure 37b). The PS-ODN randomer (REP 
2006) was significantly more efficacious against HSV-1 than AC20 (SEQ ID NO: 24) (REP 
2055), TC20 (SEQ ID NO: 25) (REP 2056) or AG20 (SEQ ID NO; 26) (REP 2057) with their 
efficacies ranked as follows: N40>AG (20)(SEQ ID NO: 26) >AC (20)(SEQ ID NO: 
24)>TC (20)(SEQ ID NO: 25) . This data suggests that although the anti-viral effect is non- 
sequence complementary, certain non-specific sequence compositions (ie C40 (SEQ ID 
NO: 221 and N40) have the most potent anti-viral activity. We suggest that this 
phenomenon can be explained by the fact that, while retaining intrinsic protein binding 
ability, sequences like C40 (SEQ ID NO: 22) , A40 (SEQ ID NO: 20) . T40 (SEQ ID NO: 23) 
and G40 (SEQ ID NO: 21) bind fewer viral proteins with high affinity, probably due to some 
restrictive tertiary structure formed in these sequences. On the other hand, due to the 
random nature of N40, it retains its ability to bind with high affinity to a broad range of anti- 
viral proteins which contributes to its robust anti-viral activity. 
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Atty. Dkt. No. 029849-0203 



Please delete Table 1 and replace it with the following Table: 



TABLE 1 - DESCRIPTION OF OLIGONUCLEOTIDES 



REP 1001 2Gmer from human automOnOUSty replicating sequence 

sequence t toataaataatactaggac asfl^tfam 



REP 2001 22mer from HSV-1 origin of replication 

SEQUENCE GAASCGTTCGCACTTCGTCCCA <3EQ»MO ? 9\ 

PS 7777771177777777777777 



REP 3007 16mer from pUC19/pBR322 origin of repncalton 
sequence CT76C6CTATTC00AA ISM IP HP* 31 

PS 7777777777777771 



REP 2002 5 mar random er 
SEQUENCE N N N N N 

PJ 7 1*77 



REP 2 D 32 6 m at rand Dm er 
SEQUENCE NNNNNN 
PS 17 7 7 7 7 



REP 2003 1 0mer randomer 
SEQUENCE NNNNNNNNNN 
PS 7777777777 



REP 200A 1 zmer randomer 

SEQUENCE NNNNNNNNNNNN 
P5 777777777777 



REP 2010 14mar randomer 

SEQUENCE NMNNNNNNNMNNNN 
PS 77777777777779 



REP 2011 ISmarrandome/ 

SEOUEIJCE NNNNNNNNNNNNNHNN 
PS 7777777777777777 



REP 2012 1 0mar randomer 

SEQUENCE NNNNHNNNNNNNNNNNNti 
PS 777777777777777777 



REP 2004 20 mar randomer 

SEQUENCE NMNKIMNKNNNNNNNNNNNNN 

PS 77777777177777777777 

REP 2005 30mer randomer 

SEQUENCE NNNNNNNNNNNNNNNMNMNNNHNNIMNNHNN 

PS 777777717777777777777777777777 



REP 2006 40mer randomer 

SEQUENCE NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 

P9 77777777777777777177 7 777777777777?7»77T7" 



REP 2007 



80ms r randomer 

NNNNNNNNNNNNNMNNNNNNNNNNNNnNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMcd 

777777777777771177777777777717777777777777777777 7 7777977777.7 

NNNNNNNPNNNNNNNNNNNN* 

77777177777777777177 



REP 200B 

SEQUENCE 
PS 

SEQUENCE 
PS 



1 20 msr randomer 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnmmnnnnnnainnnnnnnmnnnnmbo 

777t?777777?777777777??7l777771771777717777777777l7777777777 

NNHNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNiu 
17777777717777777777777717 »„Ij2 7 ?t77777777777777?7777777777771 
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REP 2013 1 0mar randomer 

SEQUENCE NNNNNNMNWN 



REP 2014 20mer randomer 

sequence NNNNN NNONNNHNNNNNNN 



REP 201 5 40mer randomer 

sequence nnnnnnnnnnnnnnnnnnnwnnnnnnnnmnnnnnnnnnnn 



REP 201 6 1 Diner random sequence 

sequence TCCSaAGacg fseqio wq ; 4) 

P5 7777777777 



REP 2017 2Qmer random sequence 

SEQUENCe ACACC TCCGAAQACGATAAC I3ECIID HO: 5) 

PS ?7??7-7??7777??77?77? 

pep 20i a 40mer random sequence 

[ jfiNCG CTACAGACATACACCTCCGAAGACGATAACACTAQACATA tSEQ ID NO: 61 

7777777777777777777777777777777777/777777 



rep 2019 lomer seq uence cente red around sum codon of HSV-1 1E110 protein (NC8) accession « XD4014) 

SEQUENCE CCCC c teaflBBBB lgl fSEQ IP NO: 7) 

PE 7177T77777 



rep 20ZD 2omer sequence centered around start codon of hsv-1 iei 10 protein (NCOl 
sEggeicE tacgacccc c feHaaiewaBcaa^^sssiffl jseq id NO: b\ 

PS -»77?7777777777777777 



in n XQ4014) 



REP Z021 

SEQUENCE 
PS 



REP 2024 40 mar randomer 

SEQUENCE NNNNNNNNNNNNNNNNNNNNNNNNNUMNNNNNNNNNNNNN 

PS 7777777777?77171777777777771777?777?7777 

Z'OMI 7 7 7 7 7 7 7 7 



"> 2Q2B 40mar randomer 



CE nnnnnnnnnnnnhnhnhnnnnnnnnnnhnnnnnnnnnnnn 

PCHS 7777 777? 



REP 2030 21 mar commercially martceled antisetisa against CMV Cvitravine/fomvlrlsen) SYNTHESI2ED INTTERNALLY 
SEQUENCE 5CSTTTOCTCTTCTTCTTGCG ffiEQ ID HOi loV 

to 777^77777777777777777 



REP 2036 © 2lmer commercfeiiy meiKeted andsensa against CMV (vitravlne/fomvlrisen) COMMERCIAL PRODUCT (cGMP) 

SEQUENCE GCGTTTGCTCTTCtTCTTGCG ISEOl*>NO:l/n 

PS 777779777777777777777 

A20 20 mer 

SEQUEKCe AAAAAAAAAAAAAAAAAAAA -FTTC tSEQ ID NO: 121 

9Z 7777777777777777777> 

620 20 mer 

SEQUENCE GGGGGGGGGGGGOGGGGGGG -FITC fSEQ IP NO: 1?l 

n 7777 < 77777777>17?7777 



C20 20 mer 

SEQUENCE CCCCCCCCCCCCCCCCCCCC -FITC fSEQ \Q Nq; 141 - 

P5. 77777777777777777777 

^ 20 mer 

TTTTTTTTTTTTTTTTTTTT -FITC ISEQ IP NO: 151 
77777????>7777777777 



T20 

SEQUENCE 



AC10 20 mar 

SEQUENCE ACACACACACACACACACAC -FITC (SEQlQ Nq;Jfl 

Pft 77777777777777777777 

AGIO 20 mar -6- 

SEQUtNCc AGAGAOAGAGAGAGAGaGaG •FITC 10 NO: 171 

rs 77777777777777777777 



TC10 20 mer 
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Atty. Dkt. No, 029849-0203 



REMARKS 



Applicants believe that the present application is now in condition for allowance. 
. Favorable reconsideration of the application as amended is respectfully requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 

Respectfully submitted. 



Date: April 12, 2004 By. 

Foley & Lardner LLP Wesley B. Ames 

1 1250 El Camino Real Attorney for Applicant 

Suite 200 Registration No. 40,893 

San Diego, CA 92130 
Telephone: 858-847-6714 
Facsimile; 358-792-6773 



Should additional fees be necessary In connection with the filing of this paper, or if a petition for 
extension of time is required for timely acceptance of same, the Commissioner is hereby authorized to 
charge Deposit Account No. 50-0872 for any such fees; and applicants hereby petition for any needed 
extension of time. . 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Afcty. Docket Nq: 029849/0203 

In re patent application of 
VAILLANT, ANDREW et al . 
Serial No. 10/661,099 
Piled: September 12, 2003 

For; ANTIVIRAL OLIGONUCLEOTIDES TARGETING HIV 



STATEN1ENT TO SUPPORT FILING AND SUBMISSION IN 
ACCORDANCE WITH 37 CF-H. g§ 1.821-1*525 



Commissioner Cor Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Mail scop Missing Parts 



sir; 



In connection with a Sequence Listing submitted concurrently 
herewith, the undersigned hereby states that; 

1. the submission, filed herewith in accordance with 37 
C.F-R* S 1.821(g), does not include new matter; 



2. the content of the attached paper copy and the 

attached computer readable copy of the Sequence Listing, submitted in 
accordance with 37 C.F.R. § 1.821(c) and Ce) . respectively, are the same- 



Respect fully submitted 



Date 

HARBOR CONSULTING IP SERVICES / INC. 
1500A Lafayette Road, #262 
Portsmouth, N.H. 
B0O-31B-3021 




David M . NarxunaE 
Reg. NO. 53,370 
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SEQUENCE LISTING 

<110> VAILLANT, ANDREW 
JUTEAU. JEAN -MARC 

*120> ANTIVIRAL OLIGONUCLEOTIDES TARGETING HIV 

<130> 029B49/Q203 

<140? 10/661,099 * 
<141> 2003-09-12 

cl50> PCT'/IBQ3/04573 
<151> 2003-09-11 

<150> 60/430,934 
<151> 2002-12-05 

f «cl50> 60/410,264 

<151* 2002-09-13 

<160> 36 

<170> Pacentln Vex- 3.2 

<210> 1 

<2H> 20 

<212> DNA 

<213> Honio sapiens 

<4P0> 1 20 
Ctgataaaca gfcactaggac 



<210> 2 
*211> 22 
<212> DNA 

<:213> Human herpesvirus 1 

<400> 2 22 
gaagcgttcg cacttcgtcc ca 



<210> 3 
<211> 16 
<212> DNA 

<213> Artificial Sequence 

<223^ Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 3 

cctgcggtafc teggaa 
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<210> 4 
<211> 10 
<212> DNA 

<213> Artificial Sequence 



<223* Description of Artificial Sequence: Synthetic 
oligonucleotide 

<40Q> 4 
tccgaagacg 



10 



<210> 5 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description ©£ Artificial Sequence: Synthetic 
oligonucleotide 

<400> 5 20 
acacctccga agacgataac 



<210> 6 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 6. 

ctacagacat acacctccga agacgabaac actagacata 



<210> 7 
<:211> 10 
<212> DNA 

<213> Human herpesvirus 1 

<400> 7 
cccccatgga 



<210> 9 
<211> 20 
<212> DNA 

<213> Human herpesvirus 1 
<:400> 9 

tacgaccccc atggagcccc 
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<210> 9 
<211* 40 
<212> DNA 

<213> Huit^n herpesvirus 1 

tccagccgca tacgaccccc atggagcccc gccccggagc 



<210> 10 
<211> 21 
<2l2> DNA 

<213> Artificial Sequence 

<223> Description Of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 10 21 
gcgtttgcte ttcttcttgc g 



<210> 11 

<211> 21 

<212> DNA 

<213> Artificial 



Sequence 



<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<40Q> 11 21 
gcgtttgctc ttcttcttgc g 



<210> 12 
<211> 20 
<212^ DNA 

<2l3> Artificial Sequence 

<223> De 3 cription of Artificial Sequence; Synthetic 

oligonucleotide * 

<400> 12 20 
aaaaaaaaaa aaaaaaaaaa 



<210> 13 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 
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<400> 13 20 
gggggggggg gggg999933 

<2l0> 14 
<211> 20 
<2l2> DNA 

<213> Artificial Sequence 

<223> Description of Artificial sequence : Synthetic 
oligonucleotide 

<400> 14 20 
cccccccccc cccccccccc 



<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence! Synthetic 
oligonucleotide 

«£4Q0> 15 20 
tttttttttt tttttttttt 



<210> 16 
<211> 20 
<212> DNA 

<213> Artificial sequence 

<220> _ - . . » 

<223^ Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 16 20 
acacacacac acacacacac 



<2l0> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence-- Synthetic 
oligonucleotide 

<400> 17 

agagagagag agagagagag 



20 
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<210> 18 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

«223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<40Q> ia 20 ' 
tctctctctc tctctctctc 



<210> 19 
<2ll> 20 
*212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

«400> 19 2Q 
tgtgtgtgtg tgtgtgtgtg 

<210> 20 
<211> 40 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 20 40 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 



<210> 21 
<211> 40 
<:212> DNA 

<:213> Artificial Sequence 
<220> 

e223> Description Of Artificial Sequence: Synthet 
oligonucleotide 

<400* 21 

gggggggggg gggggggggg ggggssssgg ggggsggggs 



<210> 22 

<211> 40 

<212> DMA 

<213> Artificial 



Sequence 
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<220> _ . . 

<223> Description of Artificial Sequence: Synthetic 

oligonucleotide 

<4QQ> 22 4Q 
cccccccccc cccccccccc cccccccccc cccccccccc 



<210> 23 
<211> 40 
<212> DMA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence t Synthetic 
oligonucleotide 

<:400> 23 4 q 

cttttttttt tttttttttt tttttcttbt tttttttttt 



<210> 24 
<211> 40 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 24 

ecacacacac acacacacaC acacacacac acacacacac 



<210> 25 
<211> 40 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400> 25 

tctctctctc tctctctctc tctctctctc tctctctctc 



<210> 26 
<211> 40 
<212> DtfA 

<2l3;> Artificial sequence 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 
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agagagagag agagagagag agagagagag agagagagag 



40 



<210> 21 
<2H> 120 
<212> DNA 

<213> Artificial Sequence 

<223> Description, of Artificial Sequence: Synthetic 
ol igonucleotide 

<223> this sequence may encompass 2-120 nucleotides 
<£4D0> 27 

aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 6 0 
aaaaaaaaaa aaaaaaaaaa' aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 120 



<210> 2B 
«211> 120 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 



<220> 



<223> this sequence may encompass 2-120 nucleotides 



cccccccccc cccccccccc cccccccccc.cccccccccc cccccccccc CCCCCCCGCd 60 
cccccccccc cccccccccc cccccccccc cccccccccc cccccccccc cccccccccc 120 



<210> 29 
<211^» 120 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence = Synthetic 
oligonucleotide 

<220> 

<223> this sequence may encompass 2-120 nucleotides 

gggggggggg gggggggggg gggggggggg gggggggggg gggggggggg ggggaggggg *° 
gggggggggg gggggggggg gggggggggg gggggggggg gggggggggg gggggggggg 120 
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<210? 30 
<211> 120 
<2\2> DNA 

<213> Artificial Sequence 



2"» Description of Artificial Sequence; Synthetic 
oligonucleotide 

<^3> this S equ«nce may encompase 2-120 nucleotidea 



SSSS uses sssss usssu SSSSS SSSSS s. 



<400> 30 
ttt 
tttt 



<2ia> 31 

<211> 240 
<2l2> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 



Synthetic 



<220> 



<223> this sequence may encompass 2-120 >»c< repeats 



™s sssss sssss ss: SSSSS SSSSS So 

SSSSS SSSSS SSSSS a^acacacac acacacacac acaca«cac >BO 
SSSSS SSSaeac acacacacac acacacacac acacacacac acacacac- 240 

<210> 32 
<211> 240 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<223> this sequence may encompass 2-120 »ag' repeats 

agagagagag agagagagag agagagagag agagagagag agagagagag ^agagagag 60 
tSSi^i alaiagagag agagagagag agagagagag agagagagag «° 
aLlalagai agagagagag agagagagag . agagagagag agagagagag ^agagag 180 
a?a|alaga| agagagagag agagagagag agagagagag agagagagag agagagagag 240 



<210> 33 
«211> 240 
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<212> DNA. 

<213> Artificial Sequence 



<223> Description of Artificial Sequence; Synthetic 
oligonucleotide 

<223> this sequence may encompass 2-120 'at' repeats 



<400> 33 

atatatatat acatatatat atatatatat 
atatatatat atatatatat atatatatat 
atatatatat atatatatat atatatatat 
atatatatat atatatatat atatatatat 



atatatatat atatatatat atatatatat 60 
atatatatat atatatatat atatatatat 120 
atatatatat atatatatat atatatatat 180 
atatatatat atatatatat atatatatat 240 



<210> 34 • 
<211> 240 
<c2l2> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<220> 

<223> this sequence may encompass 2-120 'eg' repeats 



«£40D> 34 

cgcgcgcgcg cgcgcgcgcg cgcgcgcgcg 
cgcgcgcgcg cgcgcgcgcg cgcgcgcgcg' 
cgcgcgcgcg cgcgcgcgcg cgcgcgcgcg 
cgcgcgcgcg cgcgcgcgcg cgcgcgcgcg 



egcgcgcgeg cgcgcgcgcg cgcgcgcgcg SO 
cgcgcgcgcg cgcgcgcgcg cgcgcgcgcg 12 o 
cgcgcgcgcg cgcgcgcgcg cgcgcgcgcg ISO 
cgcgcgcgcg cgcgcgcgcg cgcgcgcgcg 240 



<210> 35 
<211> 240 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Synthetic 
oligonucleotide 

<220> 

<223> this sequence may encompass 2-12Q 'cf repeats 



<400> 35 . 
Gtctctctctl ctctctctct ctctctctct ctctctctct ctctctctct ctctctctct 60 
ctctctctct ctctctctct ctctctctct ctctctctct ctctctctct ctctctctct 120 
ctctctctct ctctctctct ctctctctct ctctctctct ctctctctct ctctctctct 180 
ctctctctct ctctctctct ctctctctct ctctctctct ctctctctct ctctctctct 240 



<210> 36 
<211> 240 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Art* 
oligonucleotide 

<220> 

<223> this sequence may e 
<400> 36 

gtgtgtgtgt gtgtgtgtgt gtc 
gtgcgtgtgt gtgtgtgtgt gt< 
gtgtgtgtgt gtgtgtgtgt gtc 
gtgtgtgtgt gtgtgtgtgt gt< 
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